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SUMMARY

PROBLEMN

Prototype computer-based, multimedia, individualized training
systems have demonstrated that the concept of computer-assisted instruc-
tion/computer-managed instruction (CAl/CMI) is valuable and is directly
applicable to an operational Air Force training environment. Sub-
stantial savings in training times and more efficient utilization of
resources have been demonstrated. However, the prototype systems in-
corporated research capabilities which were not essential to effective
routine support of the majority of Air Force training. The purposes
of this study were {a) to identify those CAI/CMI functions with the
greatest potential payoff for Air Force training and (b) to develop a
functional specification for a low-cost comnuter-based system.

APPROACH

The anplicability of and requirements for CAI and CMI in various
Air Force training enviroaments were determined by sur.7) iy potential
user personnel, Coemputer system acchitectures were surveyed to
determine candidate systauws to wmeet the functional requirements of the
Tow-cost CAL/Citl systen. Alternative terminal hardware devices and
communicatiun systems wera surveyed, in order to recoisiend an economical
set of innut/output devices and communications interface to meet the
functional requirenants of the systen. Various computer prograiving
lanquages were analyzod to identify a language which would be cost
effective for CAI/CIAL programming., The CAI/CMI applications software
area was surveyad, to determine the extent to which existing software
might neet Air Force training needs.

The initial assumptions used to set the scope of the study were as
follows: tha computer, terminals, conmunications, programning language,
and applications software must be capable of

1. Supporting 507 studants per shift, in 1500 hours of instruc-
tion across five courses, with 150 instructional hours of CAl
and with five CMI transactions per student per shift.

2. Providing a nroven student proygress manaqgement. approach.

3. Supporting the producticn and evaluation cf instructional
naterials for on-line and off-1line use.

4, Providing a set of standard reports for various levels ot Air
Force instructional personnel, with flexible capability to
retrieve and analyze training performance data for special
puUross reports.
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RESULTS

Air Force instructors and supervisory personnel identified a broad
range of functional capabilities in the CAI and CMI arcas with potential
payoff for training. A total of 167 functions from seven major CAI/CNMI
functional a:eas are recommended for inclusion in the Air Force low-
cost system.

A survey of central processing units identified a minicomputer con-
figuration as the principal candidate for meeting the functional require-
ments of a dedicated local system.  The concept of stand-alone devices
was considered briefly. It became obvious that the myriad of combi-
nations could not be dealt with within the scope and time frame of the
study.

A survev of terminals and cormunications resulted in reconmenda-
tions for a candidate low-cost student/administrative terminal, a low
resolution graphics terminal with color CAl capability, a high
resolution qgraphics terminal for CAI, and a management terminal reader/
printer configuration.

The survey of applications software indicated that all of the
reconmiended functions have been implemented on one or more existing
computer-based instruction systems, demonstrating the technical
feasibility of implementing the recommended functions. At the present
time, various computer-based systems present more or less of the
reconmended functions. Some of these existing systems, howe'er, are
implenented on large centralized mainframes capable of supporting
satellite operations, and incorporate sophisticated research and
development capabilities that are not essential to routine support of
the majority of Air Force training.
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1.0 INTRODUCTION

Prototype computer-based individualized training systems have
been developed and implemented at a number of Department of Defense
(DOD) and civilian installations. One such training system is the
Advanced Instructional System (AIS) at Lowry AFB. The results of a
variety of research and development (R&D) projects indicate that

1. Application of computer-based instruction (CBI) resulted in

substantial savings in training time and more efficient
utilization of resources.

ro

An operational training system does not need sophisticated
research capabilities which, although incorporated into pro-
totype systems and required for research, are not essential
to effective support of the majority of resident technical
training operational requirements.

3. Full and economical exploitation of the demonstrated oper-
ational capabilities of the prototype systems in routine
support of resident training requires additional application
and system refinement.

Iinovations in computer technology have drastically reduced the
prices of computer components and terminals. Consequently, the goals o¥
computer-based training should be reexemined in the context of 1979
state-of-the-art computer technology.

The present study establishes the requirements for a purely oper-
ational system and integrates those requirements into a svstem design
based on the best of current computer technoloqy. The principal
objective was to design a cost-effective system confiquration which
would efficiently support the CBI functions identified as havina
potential payoff from an operational viewpoint, without including "nice
to have" or "rich" capabilities in support of R&D functions. The
products of this study are as follows:

1. An overall system specification, delineating a set of
functional requirements for a low cost computer-assisted in-
struction/computer-managed instruction {CAI/CHI) system
(Appendix H).

r
.

This Technical Report, presenting the assumptions, data
collection methods, analyses, and results related te CAI and
CMI system capabilities. selecTed system architectures,
coumunication systems, terminal hardware, and prograrming
languaaes and software. This report includes the confiquration
of an example low-cost CAI/CMI system with communications
equipment, terminal hardware, applications programs software,
and a lanquage which will satisfy the cperational requiremnents
within established constraints and assumptions.

-

/




2.0 STubY PLAN

The research plan called for accomplishment of the following major
tasks:

1. Determine Functional Requirements of Users - survey Air Force
users, analyze survey data, and determine functional require-
ments for a low-cost CAI/CMI system for operaticnal use in Aiv
Force resident technical training programs.

2. Surveyv Hardware, Software, and Syvstems - survey available hard-
ware, software, and lanaquages, and identify candidates for
central processor units (CPUs), communications, tominals,
software, and lanquages.

¢

‘s
.

Document and Design - write a functional specification and con-
figure an example of a state-of-the-art hardware/
comunications/terminals/software system to meet the functional
requirements.,

Figure 1 illustrates the task flow for this research plan. The
followina paraqraphs describe procedures for accomplishing the tasks,

In order to provide a framework around which the desian work of
this study could proceed, some assumptions wore made regarding the in-
tended uses and envirvonment for the low-cost CAI/CMI System.  These
assumptions are as follows:

vstom desian will be oriented %oward resident technical train-

1.  Sys
ing

it

.

oo System desian will be oriented toward a dedicated local systew,
rather than a large centralized mainframe-oriented system or
stand-alone minisystems, A modular approach to oxpansion will
be incorporated, to facilitate tradeoffs such as fower on-line
students in exchange for heavier CAl usage. The effects of
increased loads on memory and mass storage requirenents will

be considered.

.

. System desian will be targeted toward providing operational
CAL/CHT support for approximately H0Q students per shitt, 1t
is also assumed that:  the 500 students are distributed across
five ditferent courses: the five courses account for 1,500
hours of instruction: each student averaaes five CMT trans-
actions per shifty not wore than 107 of the students are using
CAL at any one time: not more than nine administrators (in-
structors or supervisory personnel) are on-line simultancousivy
and batch processing is accomplished oftf-shitt (.o, Jduring
poriods of low or no student CATACMT Yoad?,

-
-
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3.0 FUHCTIONAL REQUIREMENTS OF USERS

The initial step toward designing a low-cost CAI/CHI system was
to determine those computer-provided functions which would be of value
in Air Force training. To this end, the following tasks wire accom-
plished:

1. Preparation of a listing of CA! and CMl functions which could
be provided by a computer-based training systen.

2. Preparation of a rating scale with which Air Force users could
estimate payoff potentials for various CAI/CHMI functions.

3. Identification of a suitable sample of potential Air Force
users of a Tow-cost CAI/CHI systen.

4, Collection of data from the sample of potential users.
5. Analysis of the data.

6. Determination of the CA! and CMI functions which should be pro-
vided by the low-cost system.

3.1 LISTING OF CAI/CHMI FUNCTIONS

A comprehensive listing of 184 potential CAl and C!1I functions was
developed, describing those functions which could be incorporated into
a CBI system. This listing was intended to include any technically
feasible functions which could be provided for Air Force training by a
computer based system, and which were not considered to be R&D
functions. The outcome of this effort was a listing of functions in
seven rmajor areas: Student Testing and Evaluation, Student Assignment,
Student Progress Management, Support for Guidance and Counseling, CAT,
Production and Maintenance of CMI Data Base and CAI Materials, and in-
formation and Reports (see Appendix A).

The Appendix A listing of the 134 functions includes the numbering
scheme that is used throughout this report in referring to individual
CAI/CMI functions--Roman numerals designate the seven major areas,
followed by letters and Arabic numbers that designate subcateqories and
individual functions.

3.2 PREPARE RATING SCALE AND SURVEY FQPMS

The 1384 CAI/CHI functions were incorporated into survey forms,
with a rating scale intended for use by Air Force training and manage-
ment personnel in estimating the relative values that the ‘unctions
would have for operaticnal training. The rating scale was oriented
toward the concept of "payoff potential.” Tre introduction to the
survey form and the explanation of the rating scale are shown in

10
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Appendix B. The explanation points out that payoff potential for Air
Force training can come from any of the following:

% Reduced training time - students get through faster.

0 Reduced adninistrative load on instructors.

O More efficient use of training resources.

Improved quality control over students and/or courseware.
Improved managerent/administration of training.

Improved courseware development and evaluation processes,
resulting in better instructional materfals and reduced develop-
ment times,

The instructions for using the rating scale (Appendix B) asked
participants to consider how much each of the functions would be worth
to Afr Force training within the context of lhe participant's duty
assignment, and to assign ratings using the following scale:

1 = Very high payoff potential,

]

2 = High payoff potential.

3 = Moderate payoff potential,

1

d = Low payoff potential,

5 = No pavoff potential,

1

v No oopinton - this function's effects would be outside my area,
and T cannet estimate 1ty payoff potential,

Because of the large number of CAU/CMU functions included in the
listing, two survey forms were prepared. One form included the
functions that were of potential value in the conduct of resident
technical training at the instructor level. The second form included
the functions that were of potential value for Air Force managers and
supervisors--o.q., course supervisors, branch chiefs, and training
advisors,

The instructor survey forn asked for ratings on the following items
(sce Appendix A): ~

cateaory @ (Student testing and Yvaluation), all items except
item IR,

Cateagery 11 (Student Assignment), all ftems except ftem TID,

1




Category II1 (Student Progress Management), all items.
Category 1V (Support for Guidance and Counseling), all items,
Cateqory V (Computer Aided Instruction), all items,

Cateqory VI (Production and Maintenance of CMi Data Base and CAl
Materials) all ftems except item VIC.

Category VII (Information Retrieval and Reports), all items listed
under VIIA, Reports for Instructors,

The supervisor survey form asked for ratings on the following items
(sce Appendix A):

Category I (Student Testing and Evaluation), items 1A, 1B, IC,
and 10, )

Category Il (Student Assignment), ftems 1IA, 1138, IIC, 11U, VIE,
ﬂn\' “F.

Category Ill (Student Progress Management). ftems I1IA, [11IR,
I11B3-5, and 11C,

Category 1V (Support for Guidance and Counseling), items IVA and

Cateqory V (Computer Assisted Instruction), ftems VA, VB1-7, and

TN )

Category VI (Production and Maintenance of CMI Data Base and CAl
Materials), [tems VIAI-2, VIR, VIC. VIDI-6, VIE, VID1-6 and
VIiF,

Category VIT (Information Retricval and Reports), all items.

Quantities of the survey forms were reproduced for use in the data
collection effort. Participants in the survey marked their responses
directly on their copies of the forms. and identified themselves by duty
position. Names or other specific identification were not required.

3.3 SAMPLING QOF POTENTIAL USERS

Although the design of the low-Cost system was to be oviented
principally toward the needs of resident technical training, the needs
of other Afr Force training programs were also te be identified. This
would permit documenting the extent to which the low-cost systen would 3
meet the needs of, for example, on-the-job training (0JT), navigater .
training, and ficld training detachments (FT0s).  Therefore, samplings
of potential users from resident technical training and MHrom a number
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of other Air Force training programs were identified for inclusion in
the survey of user requirements.

3.3.1 Resident Technical Training Sample

The sample of resident technical training personnel was
drawn from Air Training Command (ATC) Headquarters at Randolph AFB anc
from four Air Force Technical Training Centers (TTCs)--Sheppard,
Keesler, Chanute, and Lowry.

During the AIS development contract, courses at the TTCs werc
analyzed to identify those which were prime candidates for inclusion
in any expansion of the Air Force's CBI effort. Based on that earlier
analysis, the following courses were included in this survey of user
requirements: .

Sheppard TTC

Air Cargo Specialist (3BRB60531)
Disbursement Accounting Specialist (3ABR67232)
Faculty Development (3AIR75100-4)

Keesler TTC
Personnel Specialist (3ABR73230)
Ground Radio Equipment Mechanic (3ARR31434)

Telecommunication System Control Specfalist (3A3R30730)
Faculty Development (3AIR75100-4)

Chanute TTC
Aerospace Ground Equipment Repairman (3ABRé2335)
Life Support Specialist (3A8R92230)
Airframe Repair Specialist (3ABR42735)

Lowry TTC

Munitions Maintenance Specialist (3ABR46137)
Inventory Management Supervisor (3ABR6:570-1)
Faculty Development (3AIR75100-4).

Porsonnel from several other ATC resident techaical training pro-
grams were inciuded in the user survey because of their involvement
with, and knowledge oty Air Force computgr-based training:

Sheppard TTC (users of PLATO)

“epalth Care Sciences




Chanute TTC (users of PLATO)

Vehicle Repairman (3ABR47231, 3ABR47232)
Aircraft Pneudraulics (3ABR42334)

Plans and Requirements Division

PLATG Development Group

Lowry TTC (users of AIS)

Inventory Management Specialist (3ABR64530)

Materiel Facilities Specialist (3ABR64531)

Precision Measuring Equipment Specialist (3ABR32430)
Weapons Mechanic (3A8R46230). *

The Air Force memoranda requesting the TTCs' narticipation in the
survey of user needs requested "...cooperation in the Feasibility Study
Survey of the following individuals/agencies involved with conduct of
the above courses:

6.

2
LAY

CEwrn—
. .

The Deputy Commander for Training

The Training Advisor

The Technical Training Group Commander(s)

The Chief, Plans/Requirements Division

The Chief, Branch Curriculum Developrent Unit
-Resident Course Representatives

-Nonresident Course Represcntatives

-Instructor and Course Evaluation (I&M) Representatives
Course Supervisors of the above Courses

Ten Instructors from each of the above Courses."

The participation of personnel from Technical Training (77) and
Plans (XP), HQ ATC Randolnh AFB, was also requested. These staff
agencies are respcnsible for planning, programming, administering, and
managing ATC technical training at the AT Headquarters level.

-~

Ve

.2 Other Air Force Training Sample

The following instructors and supervisors from training

programs other than resident technical training werc identified for in-
clusion in the survey of user requirements:

1.

ra

3
.

FTO/0JT instructors and supervisors from Sheppard, Mather, and
Davis Monthan AFBs.

Program managers and staff personnel from Air University.

Staff personnel from HQ ATC (D0). Randolph AFB (pilot training).

14
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4. Instructors and staff personnel from Undergraduate Navigator
Training (UNT), Mather AFB.

3.4 DATA COLLECTION

The necessary survey data were collected at each of the sites
identified as par: of the user survey samplinc. The preferved pro-
cedure, observed wherever the participatino personnel could accommodate
the demands on their time, was as follows:

1. A group of Air force participants gathered for a 30-ninute
briefing which explained ‘he purposes of the survey and the
meanings of CAI, CMI, and nther special terms used in the
survev forms.

2. Survev forms were djstributcb to the particirants.
3. Participrants comnleted the survey forms.
4. The survey forms were collected.

The total time required for lhis procedu:e averaged approximately
< hours. Personnel who cauld not stay for the entire sessfon were
permitted to take their survey forms with thewm tc de comoleted later,
In these cases, a representative was designaled to collect the fores,
Some Lowry TTC personnel were already familiar with AlS computer-based
training, and the briefins was omitted. Using these procedures, the
rate of re%urn for survey forms was dbetter thar 96°.

For snme training prograns, other than resident technical training,
the survey forns were not deemed approoriate. In these catses, the
participants were interviewed 0 deternine their perticular funciional
requirements for a corputer-tased trainine syslem,

3.5 DATA PUALYSES PRCCEDIRES

The raspense dati--ratings of nay0ff petontial for the CAL/CH
functions extrazted frooo the ccrerleted survey forns--wer2 enterac intn
the AT couzuter. Then, for 2c¢zh ‘terr iz the 'i<téing of funclions,
mean paoff ratings and distriduticns of ratings by groupings of re-
spandents ware derived. Toe grouping of princigal inlerest for Zhic
design phase cof this study was "ali ATC resiieat technical training
vespondents.”  Grogpings of ATC respondents inv-lved w:ith iraining pro-
grams cthor than residert techmical training were of interest in
decoraining the extent to which thz low-cost svstem would be able t)
weet the needs of other types of Air Force training.

The ravicus graups indluded i the surves differed in size,

rainging from 1 to I3 varticipants oer aqroup. It was assumad that all
avoaps wers of equal importance and shauld contribure wquaily Lc itne

Ih




mean payosf ratings. Therefcrz, reins were Jerived for each function
by asverzaging the reans from each groun entering intc thwe analvsis.
ihus, the size of a grou, did net ceterrine that greoup's contribution
to the overall mean ritings,

3.6 CETEAMIRATION OF FINCTIONAL RECHIROMTINS

The user ratings of e CAL/CHMI furctions and tie syste~ impacis
of ‘hose fuac.ions were two prime concidarations in detarminiag the
fanctional requiranents for th: low-cost system. The end product vias
a listing of (AI/CM! functional requiremerte >lus @ recormendation for
each function that ii Le either retained as a function to be provide.
by the lcw-cust syster or elininated roa “.rther onsideration.

3.¢.1 Results From Res:.dent ~echnize! Trainiae,

A total of &4 personnel involve.! in resident techn:cal
training Zompleted furns for the survey of iser functional requirements.
The listr.tution of participants is shown in Tidle |,

The resaltls fron toe survey of ATC resiuvent technical training
orogra.rs are shown in Appendixes C and 5, Apendix C iiste the
fincticns in the order in which they appeared on the sorvey foris and
indicates th: meen payoff ratirngs anu tre system ifepaects (file. nceded
and cstimated CPU wsage) for each of the funzitons. /Fppondin © lists
the funclicns in order of average e<timated payoff. and includes the
distribulicn of ratings given o the fuactions by the sursey artici-
Fanus.

Tre user sutvey resulls can e summarized as follows:

1. Mein ratings of the 134 funztioas range frue tite highest-
rated 1tem (Tlag Test Itam Altermatives "issec by Mo Than
70% of Students) with & vean ratine of 2.07, 2o *he lowest-
rated itam (Studenils Select Cecires 2iternate Madule Rasigne
ments) with a mear rati g of 3,77,

<. 0Of tne 131 listed functions, €1 received averaqge ratings
Setier than .50, and 115 received average relings less than

2.30 but dezter less 3.C0. Inly 3 of the functions rated
worse than 3.00 (moderate oavoff).

3. Eighty-twe of the functions were rited | (very high payoff) or
2 (hiah paycff) by 50% or more of the 2638 participants.

4. Even the lowest-rated functions (Students Seiect Alternatives,
and Heuristics Rules For Assignment Selection) were rated high

-

or very high payoff by more than 7% of the participants.

1t




? TABLE 1. RESIDENT TECHNICAL TRAINING PROGRAMS AND
NUMBERS OF PEOPLE SURVEYED

; , LOCATION/PROGRAM INSTRUCTORS _ SUPERVISORS _ TOTALS
] SHEFPARD TTC

Air Cargo Specialist
Disburser.crt Accounting
fFaculty Development 1 10
Health Care Sciences "

Total 65

O — W
w

KEESLER TTC

Ground Radio Repairman

Porsonnel Speciatist

Faculty Development

Teleconmunication Specialist
Total 42

O~y
o o4

CHANUTE TTC

AGE Repairman 8 \
Vehicle Repairman 15
l.ife Support Specialist 4
Aircraft Pneudraulics 10
Airframe Repair Specialist 5
Plans and Requirements Div. -
PLATO Development Group -
Total 84

P=Neo JF IS ELN IV

LOWRY TTC _ s

Inventory Management
Materiel Facilities
Precision Measurement fquip.
Inventory Mgt. Specialist
Munitions Maint, Specialist
Weapons Mechanic
Faculty Development

Total 63

-
W LN O OO
=230 - = B S B B

RANOOLPH AR (HQ ATC)

Technical Training (TT) - IR
Plans (XP) - 3

fakeio T T
=
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5. The highest-rated functions (Flag Alternatives Missed By More
Than 70%), was rated no payoff by only one of the participants.

6. The numbers of X (don't know) responses ranged from 4 (for On
Linc Test Capabilities) to &0 (for CAl Authoring Editor
Automatically Structures Secuencing Of Frames).

BT A AT 5 ¢

Mean ratings and correlations between ratings from the various 0%
resident training organizations involved are shown in Table 2. The ¢
overall mean ratings range from 2,91 (slightly better tharn moderate
payoff average for the 184 tunctions) at Lowry up to 2.48 (midway
between moderate and high payoff) at Keesler. The correlations are all
positive and range from 0,30 for Lowry/Randolph up to 0.78 for Sheppard/ i
Keesler. There is moderate agreement between organizations in their
ratinas of the functions and quite close correspondence between organ-
izations in their overall mean ratings. In other words, the organ- !
1zations showed moderate agreement as to which functions were most, and ‘.

: least, important, and agreed rather closely as to the potential pavoff :
; of CAI/CMI for their particular training operations.

t TARLE 2. MEAN RATINGS FROM RESIDENT TRAINING ORGANIZATIONS :

{ AND CORRELATIONS BLTWEEH ORGANIZATIONS -

i

] LOCAT iut MEAN CORRELATIONS

; RATING KEESLER CHANUTE LOWRY RANDOLPH

E ———————t ——— —— — - - —_—

f SHEPPARD  2.50 .78 .57 4 .39 , 1

§ KEESLER 2.48 .43 .36 .44 :

E CHANUTE 2.62 .63 .33 :
LOWRY 2.9 .30

RANDOL PH 2,78 E

Mean ratings from personnel with and without CBl experience at
Lowry and at Chanute are shown in Table 3. These comparisons are of
interest in determining if experience with CBI results in any overall
cnange in how the payoffs of CAI/CMI functions are viewed. At Lowry :
TTC, the average rating from personnel in AlS coir~ses was 2.70, some- v
what better than the 3.13 average for personnel in the non-PLATO
courses. At Chanute, the overall mean rating from personnel in PLATO
courses was 2.37, somewhat better than the overall mean of 2.58 from _ i
personnel in the non-PLATO courses. It appears that experience with (BI
did not markedly affect the mean ratings of CAI/CMI functions.
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TABLE 3. MEAN RATINGS FROM PERSONNEL ASSOCIATED WITH
COMPUTER-BASED AND NON-COMPUTER-BASED COURSES

NRY TTC

AIS COURSES MEAN NON-ATS COURSES MEAN
ventory Management 2.88 Inventory Mgt. Supvr. 3.46
teriel Facilities 2.51 Munitions Maintenance 3.25
ecis. Meas. Equip. 2.89 Faculty Development 2.69
apons Mechanic 2.52

Overall Means 2.70 3.13
IANUTE TTC

PLATO COURSES MEAN NON-PLATO COURSES MEAN
thicle Repairman 3.06 AGE Repairman 2.45
eudraulics 2.63 Life Support 2.58
AT0O Devel. Group 1.4] Airframe Repair 2.70

Overall Means 2.37 2.58

The last item on the survey forms asked participants to list any
Iditional functions that should be provided by a computer-based train-
nQ system. Thers were 57 participants who responded to this
gestion, Most of the responses added more detail to already-listed
unctions, or commented (positively or negatively) on the survey and on
81. The substantive suggestions for additional functions, and the sub-
equent actions takon, a»e as follows:

1. System to adjust the honor graduate score to keep within the
10% ATC requirement - Action: to be included in the low-cost
system specificaticn,

rs
.

System to provide a data base to handle credit in the
Community College of the Air Force (CCAF) for courses
completed - Action: not to be included in low-cost system,
because of potential interfdce problems. and hecause the
low-cost svstem is to be a local system,

(99
.

System to previde dial-up conversational capability between
terminals, for student-instructor interactions - Action: not
to be included in low-cost system, because of Tikelihood of

1




misuse and because the initial low-cost system is oriented
toward Jocal resident technical training use, rather than
terminals distributed at remote locations.

4, System to assign instructors automatically, within the course,
based on qualifications, availability, etc. - Action: not to
be included because of unfavorable institutional chanae
aspects and overlap with other Air Force personnel manaqgement
svstems,

b, System to assian graduating students to duty stations, based
on student proficiencies/deficiencies and on duty station
requirements - Action: not to be included, because of unfavor-
able institutional change aspects and overlap with other
personnel management systems.

Examination of the survey results leads to the conclusion that all
f the CAl/CMI functions are of some potential value to resident
ecnnical training, Furthermore, estimates of payoff potential range
Tong a continuum, without clear separation points, from low payoff up
0 high pavoff, The moderate correlations between organizations suggest
1verse training needs -- 1,e., the subset of functions with the great-
st payoff potential for one ATC organization is not the subset with
reatest potential for another organization. The system impact
stimates shown in Appendix C indicate that file requirements and CPU
imes are determined principally by inclusion or omission of major
roups of functions, not by inclusion or omission of a few functions
rom within a major qroup. Therefore, even though specific functional
‘equirenents differ from program to program, it may be most practical
0 provide a system which has all desired capabilities and allow the
roqgrams to use those functions they want and ignore othe»s.

As the final step in the analysis of functional requirements for
\TC resident technical training, AIS experience and lessons learned
iere applied n determining the final list of CAI/CM] functions to
:nter into the system analysis for the low-cost system., The functions
:hat were dropped from further consideration, and the rationales for
mitting these functions from the low-cost system, are listed in Table
1. The retained functions enter into the system analysis and cesign
Yhase of this stuuy.

1

|
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TABLE 4, FUNCTIONS OMITTED FROM THE LOW-COST

SYSTEM SPECIFICATION, AND RATIONALES FOR OMISSIONS

FUNCTION (Complete Statemcnts are in Appendix A)/RATIONALE FOR OMISSION

1.

5.

b.

IA2

IA3

1486

184

STURENT TESTING AND EVALUATION - CORRECT SCORE FOR GUESSING/

Rated law in survey of Air Force needs, not viewed as
educationally important by ATC personnel.

STUDENT TESTING AND EVALUATION-WEIGHT QUESTIONS DIFFERENTIALLY/

Not practical, in Air Force courses, to determine the weicht-
ings. Requires subjective judgements from subject matter
experts, or requires a large amount of performance data
collected within the course and from the field, with time-
consuming data analyses and interpretations to relate
responses with field performance. The demand on course
personnel to accomplish these tasks is not worthwhile, in
terms of educational benefits.

STUDENT TESTING AND EVALUATION-PASS SPECIFIC QUESTIONS/

Rated low by ATC personnel, viewed as low payoff. Determin-
ing critical "must answer" questions requires subjective
judgements by course personnei, supplemented with data
collection and analyses to validate the decisions. The ed-
ucational returns will not justify the demands on ATL course
personnel.

STUDENT TESTING AND EVALUATION-ON-LINE COINSTRUCTED RESPONSES/

The costs of software development for this capability, and
tha demands wade on authors, outweigh the educaticnal gains
that can be expected in ATC resident technical iraining.
Authors are required ito specify, in great detail, allowable
alternate spellings, alternate orderinos of words, atc.

Inly after caveful observations of student responses can an
author determine that the correct answers are all treated as
correct and that all the incorrect answers are scored as
incorrect.

[B6 STUDENT TESTING AND EVALUATION ON-LI:IE, ADAPTIVE CN COURSE
PERFORMANCE /

[1BY

Too difficult for authors to define Lhe adaptation to be
usad. Requires data, and analyses, to relate student
perforinance on other iessons in the course to "what sheould
be done at this step in thisest?" The necessary analvses
and interpretztions are, practically, not cost effective

in ATC resident tachnical trairing

STUDENT ASSIGNNENT-ORCER SCLECTED BY INSTRUCTOR/
This capability, if proviced, would impose on instruct.rs
the task of determining the sequence in which each student
should take the course lessons. It is more practical to

a1




10,

11.

I1C1

[1C2

ITIBS

ITIC6

VB4

. VIIG]

TABLE 4. (Continued)

have the system make assignments based on criteria deter-
miried by the Branch, with instructors averrizing for
exceptioral cases.

STUDENT ASSIGNMENT-INSTRUCTOR ASSIGNS ALTERNATES/

As for the precedinc item, the instructor is freed of routine
if the system makes the assignments to alternates, with the
instructor overriding for exceptional cases.

STUDENT ASSIGNMENT-STUFENT SELECTS DESIRLY ALTERNATLS/

Rated very low by AT(-«-instructional payoff is believed to Yo
quite small. - Cmittiry this function still leaves the in-
structors free to cverride, so that & student who can con-
vince an instructor ic intervene may take any desired
alternate.

STUDENT PROGRESS MANAGEMENT-GRADUATES: SCHEDULE QUT-
PROCESSING/

The system will flag those students who are to gracduate
during some designated time period. ‘lowever, the prcblems

of interfacing with all of {kc organizations involved in out-
processing students is outside the scope of the low-cost
system effort.

STUDENT PROGRESS MANAGEMENT-MAMAGEMERT TARGETS RELATIVE T)
PLAN OF INSTRUCTICN LENRTH/

Average course length is more immediately related to
curriculum changes than is Plan of Instruction length.
Therefore, menagement functions which are relative to
average course length will reflect shortened cr lengthened
curricula saoner than if relative to Plan of Instruction
length.

COMPUTER-AIDED INSTRIUCTION (CAI)-TOUCH PANEL OR LIGKT PEN/
Rated Tow by ATC personnel. Seldom needed for student use.
Principal value is in preparation of graphics displays for
CAI iessons. This will be accomplished at & craphics
terminal, in the low-cost system, rather than at a student
interactive terminal.

INFORMATION RETRIEVAL AND REPCGRTS-PRESERVICE EDRUCATINN, VOC.
TRNG., TO MAKE FORECASTS OF FItLD PERFORMANCE/

Difficult to derive predictions based on pre-service
vocational education data. Good predictions would require,
for each course, a sufficient data base from which to derive
reasonably accurate regression equations or heuristic rules,
and the skill and time to perform and interpret the analyses.




TABLE 4, (Concluded)

13, VIIG2 INFORMATION RETRIEVAL AND REPORTS-PRESERVICE OCCUPATION AND
JOB EXPERIENCE TO MAKE FORECASTS Of FIELD PERFORMANCE/
Rationale for omission, same as for VIIG) above.

14, VIIG3 [INFORMATION RETRIEVAL AND REPORTS-AF PERSONNEL RECORDS DATA )
(ASVAB, ETC.) TO MAKE FORECASTS OF FIELD PERFORMANCE/ H
Rationale for omission, same as for VIIGl above.

15. VIIGS INFORMATION RETRIEVAL AND REPORTS-SPECIALTY-RELATED
DEFICIENCIES TO MAKE FORECASTS OF FIELD PERFORMANCE/
Rationale for omission, same as for VIIG1 above,

16, VIIG6 INFORMATION RETRIEVAL AND REPORTS-PREDICT STUDENTS®
ADAPTARILITY, PERFORMANCE, AND PROGRESSION IN OPERATIONAL

FIELD ASSIGNMENTS/
Rationale for omission, sarie as for VIIGl above,

- "'j.n-r-'»wm»yw\qpmcu;. m—

NOTE: Of the VIIG set of functions (Performince Forecast Reports to the
Ficld), ViIG4 will be provided bv the low-cost system - Reports
to the field based on in-service trainming performance data,

4

17. VIIH1  SPECIAL REPQRTS-BASIC DATA RETRIEVAL, RKGD/
Oropped in favor of the higher-rated Interactive

Retrieval With Statistics (VIINM3).

18, VIINZ SPECIAL REPORTS-INTERACTIVL RETRISVAL/
Dropped in favor of the higher-rated Interactive

Retrieval With Statistics (VIIH3).
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3.6.2 Results from Other Air torce Training Programs

In addition to surveying ATC resident technical training
requirements, other Air Force training programs were also incli-ed.
The additional programs, and numbers of participants, are listed in
Table 5. As described earlier (Section 3.4.1) and as indicated below,
data were callected using survey forms and by interviews in which the

survey form served as a guide.

TABLE 5. ADRITIONAL PROGRAMS INCLUDED IN SURVEY, AND

NUMBERS OF PART[CIPANTS

INSTRUCTIRS
FIELD TRAINING DETACHMENTS & ON-
THL-JOB TRAINING--SHEPPARD,

SUPERVISORS

“ATHER, & DAVIS MONTHAN AFBs

Survey Forms 23

e

[nterviews
AIR UNIVERSITY

Survey Forms -
EXTENSION COURSE INSTITUTE

Interviews -

HQ ATC (DO), RANDOLPH AFB
{(Pilot Training)*

Survey Forms -

MATHER Af8 (Undergraduate
Navigator Training)

Survey Forms
Interviews 6

1

5
N

TOTALS 33

50

* Explicit definition of the cowputer-based functions required by
Might Training is given in Data Aulomation Requivement DAR A78-2,
Time Related Instructional Management for Pilot Training, Air
Training Command, 29 June 1978,

o sy, 4
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Rasults from the survey forms are tabulated in Appendix €. The
mean ratings and the correlations between ratings from the various pro-
grams are shown in lable 6. Resident technical training is also
included in Table 6 for purposes of comparison.

TABLE 0. MEAN RATINGS AND CORRELATIONS FOR VARIOUS
AIR FORCE TRAINING PROGRAMS

OVERALL oo CORRELATIONS .
MEAN T T
PROGRAM*  RATINGS _ UNT T AW RS
0JT/tTD 2.92 .25 .04 .34 Y
UNT 2.08 73 .08 A3
Pl 3.09 Ao -.08
| 3.3 b
RLS J.ud

* On-The-Job Training/tield Training Detachments {(QJT/1TD), Under-
graduate Navigator Training (UNY1), Pilat Training (P1), and Air
University (AU). Resident Tr-hnical Traintng (RES) is included for
comparison,

The overall mean of the ratings from resident technica™ * aining
is 2.62 -- between High (2.0) and Moderate (3.0) payoff, e mean
rating tirom UNT is down only slightly (2.68), followed by OJT/FTD
(2.92), PT (3.09), and AU (3.31), These other Air lorce training pro-
grams do see payoff potential in the CAI/(Ml functions, but not as much
potential as in resident technical training., The correldations indicate
some conmonaltity among the needs of 0JT/0TD, AU, and resident technical
training (correlations of .34, .37, and .51). There is also consider-
able conmonrality between navigator training and pilot training
(corv:lation of .73).

The notes from the interviews were analyzed, and the results are
shawr in Appendix P, Because the survey form served as o quide for the
interviews, the respor as tall into the seven categories used on the
survey form but do not corrvespond exactly to the wordings used in the
survey. Lach function listed in Appendix b owas cateqgorized as either
(a) already provided by the functions listed on the survey form, (b)
alveady provided by the survey form functions but requiving minor
modification to adapt trom resident technical training (for example,
referencing test itens to Career bevelopment Course volumes instead of
to resident training lessans, ov (¢) not provided by the survey form
functions. Thesc categories are also indicated 1o Appendix i,
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4.0 HARDWARE SURVEYS AND ANALYSES

To provide a framework for configuring a low-cost system, the
following training scenario and design goals were established:

1. Approximately 500 students per shift, enrolled in five courses.
2. Not more than 10% of the students using CAl at any one time.

3. An average of five CMI interactions per student per shift,

preerrr s N

4, Not more than ten administrative personnel on-line at any
one time,

5. Productive response times as follows:

a. less than or equal to 1 second average response time for
simple operations.

b, less than or equal to 3 seconds average response time for
more complex operations.

Tne training scenario and design goals suggest a probable price
range (1979) of $500,000 to $600,000 for mainframe, peripherals,
terminals, and associated support hardware.

E
1
E

Surveys of hardware were restricted to selected equipment items in
the areas of full size and minicomputer mainframes and peripherals, data
processing equipment, terminals, and related communication systems.
Equipment was evaluated as to its potential for application in the low-
cost system. The survey methods included reviews of literature, trips
to remote sites to consider classes of equipment or specific hardware,
and visits to trade shows and seminars. The DataPro Research Corp.
(1978) and other surveys furnished preliminary reviews of equipment
manufacturers' cspecifications on computer mainframes and peripherals,
terminals, communications Systems, and software.

RPN A ¥

R S e &

4.1 CANDIDATT CPU ARCHITECTURES

The purpose of this portion of the study was to analyze existing
computing architectures and to identify one which would provide a cost
effective approach to supporting ATC resident technical training pro-
grams. To accomplish the initial investigation tasks, current pub-
lications on existing computing architectures were examined. Then,
considering functional capabilities and acquisition casts, a number of
existing computer architectures w.re selected as an initial set of can-
didate CPUs for more detailed investigation. Data on the efficiencies
of each of the systems were analyzed to determine the bect performing
CPUs. Then, the criteria of software quality and reliability, hardware
reliability, and effectiveness of maintenance service were considered
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as additional evaluation factors.

Within the framework of the training scenario, design goals, and
evaluation factors described above, many large-scale and super compute:s
could fulfill the functional requirements. However, the CPU and input/
output (1/0) power they provide are not necessary in this application,
and the costs of such machines are above the expected price range. Many
smaller-scale computers are priced attractively, but do not provide the
necessary power,

In evaluating candidate architectures, millions ot operations per
second (MOPS) was used as the unit of measurement, rather than millions
of instructions per second (MIPS), because the MIPS rating can be mis-
leading. Machine 1 may have a higher HIPS rate than machine 2, but it
may take machine 1 more instructions to do a qiven amount of work,
Machine 2 could actually have a MIPS rate that is less than machine 1
and yet accomplish an entity of work in a shorter period of time,

A MOPS figure of 0.15 (150,000 operations per second) and an 1/0
rate of 24.0 (24 million bits per second) were established as minimums
needed to meet the functional requirements for the low-cost system,
These fiqures were arrived at in the following manner. In the current
AIS system, the hardware provides functional capabilities that are much
in line with the training scenario and design qoals described. On the
current AIS there are, normally, approximately 500 students, approni-
mately 50 on-line terminals (including CMI terminals), and response
times similar to those given previously. Therefore, the capabilities of
the current AIS system are known. The CDC 6400 (equivalent to the AlS
Cyber 73) which was ¢elected as the benchmark system, yiclded MOPS -
0.17 and 1/0 rate = 24,0, For adequate performance in the low-cost
system, a MOPS figure of 0.15 and an 1/0 rate of 4.0 were determined

to be minimums below which unacceptable degradation of performance would
result.

After evaluating the candidate CPUs. the Digital Cquipment Corp.
(DEC) VAX 11/780 was selected for purposes of developing a system desian
and cost analysis for the low-cost CAI/CMI system. Although this is not
the only CPU that will meet the functional requirements for the low-cost
system, the VAX 11/780 serves as the example CPU in subsequent sections
of this study.

[f the functional capabilities required of the low-cost system were
reduced, some corresponding decrease in computing power (and in CPU
cost) could be vealized. For example, if it were desired to support the
same students but with terminal response times of 10 seceond< instead of
the faster times assumed as goals for the low-cost systerm, then a lcess
capable CPU could be chasen. Tt should be kept in mind, however, that
the mainframe rvepresents onlyv about 157 of the cost of the system. Re-
ducing the computational capability of the svstem would reduce the cost,
but the responsiveness of the system would als<e be reduced.  For these
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reasons, it is more cost effective to choose a system which will yield
the higher level of productivity at a small increase in cost. The
terminals represent about 50% of the cost of the system. Major cost
reductions can only be achieved by eliminating major areas of
capability (CAI or CMI, for example), thereby reducing the cost for
terminals.

4.2 SURVEY OF INTERACTIVE TERMINALS

The capabilities required from interactive terminals by students,
authors, instructors, and other administrative personnel were analyzed.
Administrators need alphantneric (text) presentations, principally, and
have very little need for any additional capabilities. Preparation and
presentation of CAl lessons, and on-line preparation of materials for
off-1ine presentation, also rely principally on alphanumeric text
capability., Howcver, there are some content arecas and special presen-
tations which will benefit from color amd graphics capabilities. In
general, CAl programs require upper and lower case characters, numbers,
and punctuation from the Ameii-~an Standard Code for Information Inter-
change (ASCII) set, and a -next- key for student control over the pro-
gram, Programs for CMl have the same requirements, plus needs for
additional function keys (-back- and at least three additional function
or control keys).

The attributes of some 300 alphanumeric display terminals and
graphics terminals were reviewed for similarities and for industry-wide
standard features. The results (below) indicate constraints within
which the low-cost system will have to be designed if of f-the-shelf
terniinals are to be used. The relative merits of various terminals were
evaluated, and candidate terminals are recosmended for use by students,
authors, and administrators in the low-cost CAl/CMI system.

4.2.1 Display format

A format of 30 characters per line is standard for most
terminals, Alphanumeric terminals coemonly provide 24 or 25 lines, and
graphics terminals commonly provide 34 or 48 lines. Most terminals
provide as standard either 64 different displayable characters (numbers,
upper case alphabet, and limited punctuation), or the standard 96 char-
acter ASLIT set (numbers, upper and lower case alphabet, and extra
symbols}. The 96 characters are considered necessary for the text
requirements of the low-cost CAL/CMI system.

Symbels are formed within a dot matrix on all the terminals.
Characters using higher resolution formats are generally more readable,
especially for such characters as "m™ and "w."” Lower-case letters are
easier to read when the descenders for the characters "g." "j," "p."
"q." and "y" extend below the matrix used with capitals and numbers.

The Tow-cost qraphics terminals reviewed have a picture eclement
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(pixel) of resolution which is some fraction of a one-character matrix.
The range of resolution standardly available ranges from the lowest,
160 pixels horizontally by 192 pixels vertically, up to the highest
resolution, 640 horizontally by 476 vertically.

Many programs used on the low-cost CAI/CMI system would benefit
from some accenting method for portions of the programs--lines to serve
as separators in CMI editors or to box in accented words for CAl pro-
grams, for example. Most of the low-cost alphanumeric terminals did
not provide line drawing capabilities, but some provide either two
brightness levels, or the capability to reverse the character video
for individual fields. Words, sentences, or phrases can be put into
foreground or background by using one of the two methods. The terminals
considered as candidates for the low-cost system have at least one of
these two features available. ‘

A1l programs are expected to send an X-Y coordinate to position
the start of words or phrases, or to echo characters back to the user,
Therefore, candidate terminals should have addressable cursors. There
is no standard practice for setting the X-Y position. Various sequences
are used to initialize the cursor setting mode, and different values
are sent to the terminals in either X first or Y first order to set the
coordinates,

An additional requirement is that both alphanumeric and qraphics
terminals must have the ability to crase the screen on command from the
computer and from the terminal user. All terminals reviewed nad bulk
screen arase, and most could erase to the end of line or the end of the
screen from the cursor position,

4.2.2 Transaission Speed

A vransmission speed of approximately 120 characters per
second is reconmended when intermixing upper and lower case alphabet
and numbers,  Transmission of ASCIT codes over communication lines re-
quives the electronic formatting of the eight bit ASITL code hetween
a start and a stop bit. To transmit 120 characters per second, at
Teast 1200 bits por sccond must be received at the terminal., A1l ter-
minals considered for the low-cost system were abile to receive data
in a switch-selectable rangs of 110 to 9200 or mere bits per sccond,
ana all included the 1200 bits por second rate. A1l the ternmiinals
included olectronics to receive or send data using an RS-232C inter-
face to a madem or data concentrator,

N 1

. N N\
o3 Other Transmission Parvameters

To qive the computer complete control over the characters
returned to tne terminal, and o provide for data integrity ot the
user's input to the computer, full duplex fransmiission should be used.
[nodull dug Ton, ecach character code is sent Lo the computer as soon as

W




a key nas becn pressed., The computer stores the single key value and
returns for display either the sane code or scme other code which is
program controlled. Ffor example, during log on, a computer may not
return the password for display but may instead return a special char-
acter.,

Full duplex also speeds up verification of data reccived by the
coriputer, Half duplex transmission, not recorwended for the low-cost
systeri, customarily places the keyboard character on the screen
directly, and in parcllel sends the character code to the compute:,
The computer does not return a character, so the user cannot verify
that the conputer has received the transmission as it was entered at
the terwiral.,

Full duplex character-ct-a-time mode also implies that data are
sent asynchronously, with no need for synchronization with the network
processing unit.

4.2.4 Keyboard

A1l terminals reviewed has a standard typewriter keyboard,
with leilters positioned in the standard QWLRTY sequence. A snecial
requirement noted for the low-cost CAI/CII syscem programs is that a
function key method shculd be available to senad special non-display
character commands to the central computer for CAI or CMI progran or
editor control. bost of the low-cost terminals include a numeric pad
and some provide a number of function keys. Most of the keyboards pro-
vide a control key, so that special functions can be simulated by non-
displayable controi characters even if no function xeys are available.

4.2.5 Interective Terninal Selection

Final selectior of interactive alphonumeric teruinals wust
be based on specific user needs and applications. The descrihed
functions are considered essential in any selection for a low-cost CAl/
Cil systen. To configure an cxample low-cost system, the resulis from
the foregoing survey were used in selecting candidate alphanumeric and
graphics terminals which meet the functional requirements. However,
these are not the only terminals which could satisfy the requirements.
The candidate terminals for the exarple low-cost system are as follous:

1. Alpkanumeric text terminal for sutudents, instructors, and
alministrators--3DDS Regent 100 terninal,

2. Text/limited resolutior. graphics/color terminal for students--
Intecolor 8001G ierminal with lower case and function keys,

W
.

tiigh resclution graphics terminal for student use--Tektronix
4025 terminal with 3192 words of graphic memory.
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4.3 MANAGEMENT DEVICES

I wide variety of devices can serve to accomplish the required (Ml
functions, In fact, if keyboard input for data is sufficient and if
havrdcopy output is not needed, the student terminals can accomplish the
CHI functions. The configuration of management devices which can best
serve the needs of a low-cost system installation will depend on such
factors as the following:

1. Types of input to be handlied--manual input from levboard,
pencit-marked forms, pencil-marked cards, badges, off-line
response devices, etlc.

2. Types of output requirecd--hardcony cutput, display at inter-
active terminal, specialized displays, ote.

3. Quentity of input and output to te handled--number of students,
frequency of interaction, amount of information handled at each
interaction, etc.

4, Instructional and administrative decisions--pracedures for
reqistration, absence reporting, testing, prescribing in-
struction, manaaing student pregress, otr,

In order to confiqure an example system withoul knowing the char-
acteristics of the installation envivonment, it is assused that
Copability approximately equal to tne current AIS management devices
will be required. E£ach of the management devices in the exampie systen
will therefore consist of a forms reader, a line printer, and the
electronics to interface with tne computer. However, the management
Jevices needed for a specific installation site should be determined by
analyzing the nceds of that particular site. Considerable ¢ast savings
might be realized ¢ simpler managenent devices are adequate for the
CHML capability required at a site.

4.4 COMUUNICATIONS Nt TWORK

The comunications network is considercd o be the cquioment
nocessary to connect terainals to the comaunications processor.  1his
scection reviews various methods of fransmitting data between a hast
computer and one or more terwinaly at distances up to bwiles, the
naximum expected between buildinas for Ihe Tovw-=cost UAYV/CHLD system, 1t
1s assured that dedicated Tines viould be used anoan Adr forvge Lase.

Laguipront now zarlable provides for stondard data foraat and
allows for transmiss on of such data over veice arads teicphone Tiaes.,
The ASCIT protocol (line discipline, control code sequence or Jdata
format) “as been widely accepted by qgovernnent and indusivy as o cone
aanications stanard, A syston using modern data comunicetions
farmats and transmission media bolds the wamise of Tong range com-
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patability and expandability between CPUs and terminals.

The comunications system for the low-cost CAI/CMI system must
provide for asvnchrcnous full duplex data transmission to each terminal
at 120C bits per second (a standard speed correspcnding to 120 char-
acters per second) to allow for immediate character by character 2cho
to the terminal display. Asynchrcnous operation describes another
factor in data transmission--the systen can transfer diata at the user's
random rate. Full duplex describes the communications system as having
simultaneous comunications both to and from the terminal, similar to a
telephone conversation between two parties.

Modern approaches to data communication invelve the use of readily
av:ilable telephone circuits. The mcst pronising options available are
%> provide one or more dedicated line pairs fron the central conputer
site to the terminals, Additional line amplifiers and correction of
phase differences are not required since the overall distance between
the contral computer anc any terminal is expected to be under 5 miles,
Standard telephone pairs as presently in use with the AIS system are
expecied ty be availabie far the low-cost CAT/CMI system, Full duplex
aperation requires a pair of two-conductor telephone lines to provide
1 continuous communication link in bolh directions between computer and
terminals.

The two sections following descride line modulation techniques for
handiing data between the central computer and the terminals. The
first section discusses single modems for comrunicating with single
stand-alone terminals., The second discusses the recently developed
statistical multiplexer systems which pernit operation of nultiple tei-
minals on single communication line pairs.

4.4,1 Transnission to Single Terminais

Most hast computer-related hardware can transait data to
terminals at distances up to about 200 feet. However, terminals
located at greater distances should not be operated on lines with raw
¢igital data. because of signal attenuation and susceptibility to noise.
In crder to transmit data to terminals at loncer distances, moden pairs
are recormiended.  Modems provide for conversion of the digital data
by frequency shift or phase shift keving of an audio frequency.
Applicable types cf modems include trunk-line and short-haul typos.
Both types provide the capabilities required for the Tow-cost CFT1/CMI
system, including full duplex asynchronous modes, diagnestics, and
interconnection to standard NS-C32CMelectronic interfaces.

Short-haul modems generally accommod2te a wide range of trans-
mission speeds ana Jdo, therefore, contribute to a system's potential
for exapnsion. Speeds typically range from 1200 to 19,200 bits per
second and are switch selectabie. The price range for short-haul
mdens 1 about $e20 to $995 per unit.  These modems can be used in
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applications requiring high bit rates, such as some graphics appli-
cations, and are good for distances up to 2C miles over unconditioned
lines. Trunk-line modems are aenerally limited in their range of trans-
mission speeds. This type of modem seils in the range of $320 to $52§
each, cperates at or below 2400 bits per second, is good for long
distances (up to several thcusand niles), but requires conditioned lines.

The following modems were investigated to determine their capa-
bilities for self-diaanosis in the event of system failure, case and
ability in matching the unit to tho telephone lines., and vase and speed
of maintenance. A1l of the listed modems are full duplex, have asyn-
chronous operation and RS-232C interfacing, previde diaanostics, and
have a minimum speed of 1200 bits per second.
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Manufacturer ' Model No. Speed (Raud)
Timeplex 202 Up to 20
Tele-Dynanics 72027 Up to 180¢
Svntech T7-202 Jpote I8
Novation O NUUA RN
Pemril | RN i oto 10

4.4.2 Transmissicen to Maltiple Teiminals

Statistical multipleners {data concentraters) are avatla®ie
aff-the-shelf, The units handle samling tased on active users enly,
without wasting time segments on idle or inactive tominals.,  The
traffic demand is monitored by a statistical algorithm and data arc
moved according to demand. A pair of inexpensive statistical multi-
plexers can provide service over 0 telephone circuits to as many as X0
terminals.,

Traditionail error correction techniques can be appliecd with
statistical wuitiplexina,  In the event that an error occurs in the
data format due to a disturbance in the conmunications svten, the
statistical multiplexer will vetvansmit the data.  The nultiplexers
can interrocate cach other to repeat a message to be sure the nessaae

' is transmitted correctly.

The statistical multiplexer approach utilizes a pair of statistical
multipleners (one at the host computer and the other near the terminals)y,
two modems . and a pair of two-conductor telephone lines, This con-
fiquration will tvpically handle fouror more terminals,

For the statistical nultiplexer approach, the moden pair, {he
cormunication Tines, and the muliipioner Tine pords are required to
operate At only one-half the bBit rate of the mavisum cormposite torminal
speed. When one to ciaht 1200 bits per sccond torminals are connected




to an eight channel statistical multiplexer, for example, a channel
sneed of only 4300 bits per second (3 x 120C/2) is required. The

eight channel statistical multiplexer system will operate in a degraded
mode while five or more terminals are all receiving data at the same
instant. Short-haul modems are preferred because of their ability to
operate at faster speeds at the flip of a switch.

System expansion up to the capacity of the multiplexer involves
considerably less cost than adding modem pairs as in the single terninal
systen. While it may be necessary 0 purchase add-on channel cards to
expaid, it is not necessary to purchase modems and lines to service
another terminal. For the low-cost system with relatively short
expected distances from a central computer to terminals, only multi-
plexer systems for 3 or 16 terminals have been considered so that the
maxinum line speed will not exceed 9600 bits per second.

The statistical multipiexers and short-haul modems listed in the
following tables were investiaated to determine their self diagnostic
capabilities, ease and speed of maintenance, and ability to casily match
characteristics to the telophone lines. A pair of multiplexers and a
pair of modems are required for a system. The first item in cach list
was selected for the example low-cost svster.

Statistical Multiplevers

anufacturer Model o, Max No. of
Terminals

Oigital

Communications

Associates Smart/Mux 115 10

Infotron Supermux 480 8

Micom S00 8

Timeplex M-8 8

Short Haul Hodens

P . o VR

Manufacturer Hodel o,

Syntech LDM-729¢ ;

Tele-Dynanmics 7300 |

Paradyne _ SRM-192 :

Codex v 8200 LOSU 3
:
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5.0 SOFTWARE SURVEYS AND ANALYSES
5.1 SUPPORT SOFTWARE

Support software can be defined as all of the software supporting
the operation of the low-cost system except the instructional (CAI and
CMI) software. It includes the operating system, file manager, loaders,
linkers, additional compilers, assembler, and utility routines.

Support software for one system is rarely executable on another
system because of machine dependencies. Therefore, support software is
not an area of system capability which should be evaluated in isolation
from the CPU. Rather, the capability of support software is one
criterion to be considered in selecting a CPU. If possible, the CPU
manufacturer's support software should be used, instead of creating
special purpose software or modifying the manufacturer's software. This
is advantageous for the following reasons:

1. The manufacturer is obligated to perform maintenance on the
support software, thereby relieving the user of this respon-
sibility.

2. Manufacturers often make improvements to their support software.
As reasonable requests from the user community are received, a
manufacturer often implements the enhancements, and makes the
improvements available to users. [f the support software is
not user-modified, new releases of software from the manu-
facturer will not require modification, thereby saving effort
in acquiring upgraded support software.

[#5]

If the instructional software can execute without being
heavily dependent on special purpose software, advantage can
be taken of advances in hardware technology and/or lowered
hardware costs by readily transferring to an attractive new
svstem, For example, if the executicn of the instructional
software requires the services of a special purpose operating
system, then the instructional software is heavily dependent
on that operating syvstem. Moreover, the instructional soft-
ware cannot be readily transferred to a new system if the
tarqet wachine does not support the language in which the
operating svstem is coded. On the other hand, if the execution
environment provides standard interfaces to manufacturer
supplied operating systems, then the instructional software
can be readily transferred e 2 new system,

The support software for the example (Pl (the DEC VAX 11/7380) was
evaluated, and appears to have @11 of the capabilities required for the
Tow-cost system., It is therefore used as the support software tor the
example system confiquration.




5.2 PROGRAMMING LANGUAGL

Evaluating a programming lanquage to determine its merit is a sub-

Jective process, Factors entering into the evaluation of a language

can be conflicting. For example, a language with many available
, features could be deemed powerful and therefore "good"--or, because of
; its many features, the same language could be viewed as overly complex
; : and verbose, The main difficulty is that a lanquage is not “good" or
‘ "bad" in absolute terms. Previous work in programming lanquage eval-
uation has shown that the merit of a prograrming language should be
determined with respect to (a) the application area for which it will
be used (in this case, CMI and CAl applications) and (b) the computing
environment in which the lanquaqe w~il1l appear (the hardware equipment,
the fiscal resources, and the personnel available).

5.2.1 Top Level Lanquage Goals

Definition of the goals for a programming language should
beqin by considering the application area and previous research into
what qualities make a language good. Then, by examining the stages of
the program development process with respect to the application area,
and identifyina the most important objectives for a lanquage at the
various stages, the top level goals can be defined.

In the CAI/CMI application area, the stages of the proqram develop-
ment process are problem specification, design, coding, debugging, and
maintaining. In this context, the following top level goals for the
low-cust CAL/CMI system programming language arve established:

1. [Ease of Writing CMI--Some capabilities are particularly
important in the desiqgn and coding stages of CHI programming.
These include (a) allowing adequate record and file handling
capabilities for student data, (b) supplying student pre-
scription and pacing constructs, and {c) providing ¢lass-
ification and typing of data and execution paths,

ro

fase of Writing CAI--Some capabilities are particularly im-
portant in the design and coding stages of CAl prograrming.
These include (a) student response judging and analysis, (b)
easily created and displayed screen frames, and (c) easily
created questions and decision branching,

3. FReliability--The reliability goal is applicable during coding,
debuqqing, and maintairing. A language 1s reliable if it
facilitates writing correct programs. Compile time checking,
execution time checking, proqram testing features, and pro-
gram debugging features are factors contributing to this goal.

4. Ease of Learning--Fase of learning is applicable to all the
stages of proaram development. It encompasses uniformity of
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syntax and context consistency. Unnecessary complexity of
syntax and semantics should be avoided, A fairly comon set
of constructs should be utilized, supporting as few linguistic
concepts as possible. For example, x = 1 is a construct that
could also be used in the iterative construct

FOR x = 1 STEP 1 TO 10 DO ( ).

The language should not contain inconsistencies or context
dependencies (e.g., a language that allows int = 1 where "int"
is of type integer, but does not allow stng = "ABCD" where
“stng" is of type string, is inconsistent in the area of
assignments).

W

Maintainability--The maintainability goal is applicable in the
debugging and maintaining stages. A language that supports
maintainability provides readability, ease of source Statement
change, and easily constructed source statements.

6. Efficiency--Efficiency is relevant in the coding, debugging,
and maintaining stages. The efficiency of a language can be
measured by comparing the code the compiler gencrates (with
respect to storage and speed) to that produced by a good
assembly language programmer,

5.2.2 Candidate Languages

M- e e

Surveys of existing programming languages (Sammet, 1973;
Brahan, 1973) were used to determine the set of lanquages which might
possibly meet the top level language goals. Languages which could not
possibly meet the goals (e.g., those designed for structural engin-
eering or linear programming) were eliminated. Also, languages which
might meet the goals but were not currently implemented on at least
one computer were eliminated. Languages which have never bLeen imple-
mented, or were once implemented but are no longer supported, were con-
sidered to be too costly to make operational. The resulting set of
candidate languages is listed below:

T

ALGOL 63 - A powerful, general purpose, extensible lanquage used to
solve a large number of prograrming problems.

BASIC - A very simple language used prinarily in solving numerical
problems, but with some advanced features.
CAMIL - A general purpose interactive language useda for CALl/CMI,
systems, and application programming.
) . . . . i
CoBoOL - An English-1like language used primarily for business data

processing problems.
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CORAL66 - A general purpose lanquaqe used primarily for soulving
algebraic problems.

COURSEWRITER II1 - A simple languaqge used for preparing CAI courses.

FORTRAN ~ A language designed primarily for numerical computation but
used in many other problem areas.

JOVIAL -~ A language designed primarily for numerical computations and
data processing.

NATAL - A course-authoring language used in the preparation of CAl
materials,

PASCAL - A general purpose programming language.

PILOT - A simple language for preparing CAl materials.

PLANIT - A language (embedded within a system) for preparing and pre-
senting on-line individualized instruction,

PL/1 - A general purpose language used to sclve a large number of
prograiming problems,

TAL - An autihoring lanquage used to present CA! materials.

TUTOR - A lanquage used for preparing computer-based educational

materials.
5.2.3 Minimum Lanquage Features

Lanquage features were determined by examinina the necessary
CAi/CMI functional capabilities from Appendix C and determining a set of
suqgested features for accomplishing those capabilities. Appendix G
tists the CAI and CMI functions and shows the language features ta
implement each function. From Appendix G, it is possible to determine
(a) which language features could be eliminated as functional capa-
bilities are eliminated or (b) which functional capabilities micht have
to be eliminated as certain language features are eliminated. The 26
language features are as follows.

1. Built-in data types of:

INTEGER - e.g., 1, 10, 1Y

REAL - e.g., 1.5, 6.0

LOGICAL - TRUL, FALSE

STRING - e.q., "ABCDLC"

ARRAY - e.qg., ary(1) = aryl(x;
RECORD - e.q., rec.x=3

CLASS - e.g., class{cl,c2,c3)
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SET - e.G., x € setl
TEXT - long sirings of textual data convenient for represen-
ting large voiumes of data (up to a screen page).

2. Support of variable data - It is necessary to allow data to
take on many values throughout the execution of a program,
Many programs representing CAI/CMI functions need this capa-
bility. An example from PASCAL is:

x:=10;

i:=Y.

s

: 3. Support of constant data - It is necessary that some data
: remain constant throughout execution of a program., An example
from CAMIL is:

DEFINE INTEGER x=5; X cannot be changed within this program.

4. Explicit declaration of variables and constants -~ It is desir-
able that variables and constants can be declared within a pro-
gram prior to use. This practice is commonly accepted as
contributing to the creation of reliable software. An example
from PL/1 is:

O TN

DECLLARE T FIXED INTEGER.

L

(S}

Definition of procedures (subroutines) and functions (pro-
cedures that return a value) - Capability to define procedures
and functions is needed. This allows the CAI/CMI programs to
be modular and therefore reliable and maintainable. An example
from PASCAL is:

PROCEDURE CALC (INVAL:INYEGER);
BEGIN

procedure body

£i0.

€. Specification of user-defined data types ~ It is convenient to
have built-in, expandable, user-defined data types for use
throughout programs. This feature allows creation of different
types of data beyond the built-in data types. An example
from CAMIL is:
TYPE PACKED RECORD {INTEGER 1; HUMBER Nj RECTYPE,

7. Packing data within records and arrays - It should be possible
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13.

14,

to specify packing data within records and arrays to preserve
space. See feature 6 for an example of a packed record.

Automatic allocation and access for Indexed Sequential files -
It should be possible to specify a record or aroup of records
to begin reading or writing by supplying a key for record
positioning. This feature is necessary for efficient manip-
ulation of student data on disk.

Automatic allocation and access for Direct Access files - It
should be possible to position to a particular record by
specifying its location on disk. This feature is necessary
for efficient maintenance of student data on disk.

File sharing - 1t should be possible for many processes, simul-
tancously active on the CPU, to access the same disk data file,
This feature is necessary for cfficient manipulation of student
data on disk.

Record reservation - It should be possible for a process to
lock out all other processes while updating a student record
on disk. This feature is necessary for reliable maintenance
of student data on disk.

IF THEN ELSE construct - Conditional branching (choosing alter-
nate program paths) should be possible. An example from PASCAL
is:

IF X< )Y THEN Z:=A ELSE 2:-0.

[terative statement construct - Loops should be possible with-
in programs using an iterative construct. Many of the CAl/CNMI
functions will be irplemented with program loops. An cxample
from FORTRAN is:

DO 10 K=1,10

ioop body

10 CONTINUE.

N-way conditional branching - It is necessary to be able to
choose one alternate out of many to implement many of the
functions. An example from CAMIL is:

CASL x OF
BEGIN
1y &« 10
27 e« 1Y
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16.

17.

18.

19,

20,

21,

U ppmnem g

5a e 5
END.

Assignment statement - It must be possible to assign values
to variables within the language. This feature is necessary
for virtually all functions. An example from JOVIAL is:

Al = A1 + 1§,

Program interrupt detection ~ A construct is needed to allow
for user interruption of the normal program flow. This feature
is necessary for programs implementing CAI functions. An
example from CAMIL 1is:

ON F1 DO
BEGIN

ﬁandle the function key interrupt
EilD.

GOTO statement - An unconditional branching statement is naeded
in the language. This is necessary to transfer to specified
sections of code. An example from BASIC is:

GO 10 5.

Communication with CMI terminals - The language must be capable
of directing output to and receiving input from CMI terminals.
Many CMi functions require this feature.

Conmunication with CA] terminals - The language must be capable
of directing output to and receiving input from CAI terminals.
Many CAl functions require this feature.

Arithmetic operations ~ The functions of addition, subtraction,
multiplication, division, exponentiation, absolute value,
modulus, random number generation, sine, cusine, tangent, co-
tangent, square root, string concatenation, and integer shift-
ing should be available for use in CAI and CHI functions. An :
example from PASCAL is: ¢

X:= Y/2,
RPelational operations - The operations of equal, not equal, less
than, greater than, less than or equal, greater than or equal,

and seil nenbership must be supported. CAl and (MI functions
use these operations. An example from CAMIL is:

If x € y THEHN z « 10,

. m———— -
»

R e e o T A PNy

[
I

5‘»‘7
[
¢
E.
¢
-
H




I izl

A

or, set complement, sct intersection, and set unicn must he

supported, for use in CAl and CHI functions., An cxanple fron
ALGOL63 is:

IFX < 10AY 25 THEN 7 & 265,

[nteractive terminal page oriented textual communication - It
must be possible to display textual information by the paqge
at an interactive terminal via the language. CAl functiuns
require that text be displayed at student terminals,

4.

Terminal graphics - A basic line drawing capability which can

be utilized to construct terminal graphics should be resident
within the language., CAl functions may require this feature.

’i_

Logical operations - The operations ¢f not, and, or, exclusive ‘
%

}3

&

%

¥

t

Hardcopy support - It must be possible to interface with a f
hardcopy prianter for gencrating veports, proarart listinas, and
other documents., CAl and CMI 7unctions require this feature,
Pagnetic tape capability - It is necessary to maintain larae
volumes of student data on an 1nexpensive backup medium, Ry

using magnetic tape, areas of more cxpensive hiah-speed disk
storage can be freed of student data.

5.2.4 Nontechnical Criteria

While the technical merit of a lanquage ts of primary
importance, certain non-technical criteria should also be considered in

determining the cosu of implementing the CAl/CHl functions in that
language. These criteria are as follows:

P
Rt AR ¢ ot
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1. Language availability on recomended hardware - if a candidate

languaqe is not implemented on the host computer, there is a

cost associated with making the language's conipiler operational
on the system.

Quality of candidate languaqe documentation - This will have a
bearing on how quickly the software can he aeveloped.

g R s B

[

Availability of trained progranmers - 1f there are no trained
progranmers available for a candidate lanquage, the cost of
implementing the software in this Yanguage will be higher,

oy

3 4, Availability of programs providing required CAI/ZCMI functional :

i capabilities in a candidate lsnguage - I7 software to 1mplement
CAl/CMI functional capabilities already cxists in a candidate
language, then, with respect to this criterion, the cost of
using that lanquage will be decreascd.




5.2.5 Language Evaluations

To assist in evaluating candidate languages for the example
low-cost system, an approach developed by Brosgol, Hartman, Nestor,
Roth, and Weissman (1977) can be utilized. This is an excellent
approach for forcing evaluators to think as objectively as possible
about the subjective process of evaluating a programming language. IJn
this approach, a ratino r-+rix R, an application vector A, and an inter-
mediate vector I are use (n corjunction with a language vector for each
candidate language to derive a technical merit score. The technical
merit score and four management evaluation scores for a language are
entered into a language score vector which, in conjunction with a
language. management vector, yields a final score for each candidate
language. The following paragraphs describe this approach, and suggest
suitable parameters for use in evaluations for the low-cost system,

Matrix R is a 26 by 6 matrix whose rows represent the language
features (section 5.2.3) and - .se columns represent the top level
language goals (section 5.2 Each matrix element, Rij, is a
numeric value indicating the extent to which language feature i con-
tributes toward accomplishing language goal j. The application vector
is a column vector of 6 entries representing the relative contributions
of the top level goals toward the CAI/CMI application area. After deter-
mining R and A, then R x A produces a column vector I with 26 entries,
each entry representing the contribution of a language feature toward the
application area,

Each entry in the rating matrix R is a value between 0 and 10,
indicating how much larguage feature i contributes toward accomplishing
language goal j. The range 0 to 10 is chosen to allow the final tech-
nical merit values to fall in the range of 0 to 150 (the maximum
technical merit score is actually 149.54). This range could be greater
or less and still be representative of the technical merit of a lan-
guage. However, 0 to 150 is a reasonable range to work with, since
technical merit values are then neither unduly large nor extremely
small. The suggested rating matrix R, for evaluating languages for the
low-cost system, is as follows:
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The application vector A is a column vector of six entries, each
entry value reflecting the contribution of a top level language goal
toward the CAI/CMI application area. The vector entries must sum to
1.0, and reflect the judged importance of a goal with respect to the

i application area. Entries should avoid placing too much importance

! on potentially overlapping goals (e.g., reliability, learnability,

: maintainability). The recommended entries for application vector A are




)

Since the entries in R represent the contributions of the language
features toward each of the top level language goals, and since the
entries in A represent the contributions of each top level lanquage
goal toward the CAI/CMI application area, then R x A produces a columm
vector [ with entries representing the contributions of the language
features toward the application area. The product of the recommended
vectors, R x A, is

|
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A language vector CLi is then produced for each candidate language.
The entries in the language vector indicate the extent to which the
language features are provided. The product CLV x 1 will then produce
a score inuicating the technical merit of the lanquage with respect to
the CAI/CMI application area, These sconres, ranking the technical
merits of candidate lanquages with respect to the CAI/CMI application
area, can then be used in management evaluations to arrive at a can-
didate language recommendation,

The jth entry of lanquage vector CLi indicates how candidate lan-
guage i contributes toward the jth languaqge feature. For each language
feature, the "degree of compliance" for a candidale ianguage must be
estimated. A suggested approach for making these estimafos is as




follows:

T : The language totally meets the requirement. A score of 1.0
will be recorded in the language vector,

P : The language partially meets the requirement. A score of from
0.1 to 0.9 will be recorded in the language vector according
to the degree the requirement is partially fulfilled.

F : The language fails to meet the requirement. A score of 0.0
will be recorded in the language vector.

: It is unknown from the available documentation whether the
requirement is satisfied or not. A score of 0.0 will be
recorded in the language vector since pnor docunentation

shnuld be considered even if the feature is inplemented but
not documented.

After (Li is established, the technical merit, TMi, of a candidate

language witk respect to the CAI/CMI application area can be calculated:

TMi = CLi x 1.

Development costs for implerenting the CAI/CMI softwar: must be
considered. Costs can be categorized as follows:

1. Acquiring the implementation language.

2. Training the programmers in the given lanquage.

J. Designing the system.

4. Coding the system in the given language.

5. Testing, debugging, and verifying the system,

6. Maintaining and upgrading the system,

The entries in a Lanquage Management vector, LM, reflect the coen-

tributions of technical merit and of the nontechnical criteria to lower-
ing system development costs. The recommended LM vector is

Technical merit : .33
Language availability on recommended hardware : .25 ¢
Quality of documentation ¢ .05

Avatlability of trained programmers : .06
Availability of instructional software in the language : .31 :
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A five-entry Language Score row vector, LS, whose entries are
scores ranging from 0 to 100, is established for each candidate lan-
guage. Each entry in LS describes how well a candidate language is
judged to contribute toward the entries of LM. The first entry in LS
is the technical merit score for the language, translated to a 0
to 100 scale. The other entries in LS are determined by examining a)
the languages implemented on the candidate hardware system (for purposes
of this exampie system, the VAX 11/780), b) the available language
documents, ¢) the availability of trained programmers, and d) the re-
quired CAI/CMI functional capabilities for possible existing implemen-
tation by candidate languages. This product LS x LM is the final score
for a candidate language.
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Clearly, selecting a language for CAI/CMI application involves a
considerable amount of subjectivity. However, if the foregoing pro-
cedures are followed, the evaluation process is made visible, the
numbers entered into the process are open to inspection, and the
results can be accepted or rejected on their merits. Also, the eval-
uation process is designed to allow change to the vector values (the
process could easily be automated). In this way, opinions of different
individuals can be considered before a final lanjuage recommendation is
made.

IERETS Pal-irpi Prteny

In selecting a language for the low-cost system, the technical and
nontechnical merits of the candidate languages should be considered in
the context of the defined application area. The evaluation matrix
approach just describecd, or another explicit technique, should be used
to reflect the weightings assigned to the technical and nontechnical
merits of the languages under consideration. The actual selection must
consider specific user applications, program costs, minimum language
features, etc. Any language that meets these Criteria may be selected.

e e
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As part of configuring an example low-cost system, the technical
merits of the candidate lanquages were calculated, relying in some cases
on first-hand experience with a language and in other cases on published
user literature. The nontechnical criteria discussed previously were
also estimated, ending with calculations of final scores for the can-
didate languages. After application of the matrix approach and the
parameters descrited above, CAMIL was selected for the example system
configurat.zu.
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5.3 APPLICATIONS SOFTWARE

5.3.1 Applications Programs Required

To implement the CAI/CMI functions, the following types of
application software will be required:
1. CMI software --

O Interface with the interaccive terminals.

O Interface with the management terminals.

(=]

Validation of forms that are submitted.

o Scoring of tests (on-line and off-line).

o

Resource management,

Assignment selection,

(=}

Management of students to time targets.

O]

CAl software --
0 cal presentation program,
° Al authoring system.
0 Graphics editor,
3. fditor capability to display and modify --
O Course definition files.
0 Student data files.
0 Test keys.
© Resource files.
4. Report generation programs --
O CAl lesson evaluation report.
0 Training management reports.

© Course Evaluation Summary.
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Test [tem Evaluation report.

(=

Learning Center rosters.

o

Student block progress reports.

o

Absence report.

(=]

Homework summary,
A general data retrieval and report progran.

5. Data base suppert software --

® An automatic CMI data base validation program.

04 program to remove student performance data from disk and
generate the tape and disk file for the generalized data
retrieval program and for the Course Evaluation Summary.

A program to remcve the CAl data from the disk and generate
the tape files for the CAl repnrt programs.

A program to remove tesi iten data frowm the disk and generate
the tapes used by the Test Item Evaluation reoort program.

An archiver to remove CAl lessons that are not in regular
use from the on-line data base and record them on tape.

A program to bring archived CAl programs back as they are
needed.

An archiver to take programs that are not in regular use
from cisk and record them on tape.

04 program to bring archived programs back as they are needed.

5.3.2 Selection of Applications Programs

A number of existing CBI systems were surveyed to determine
their capabilities in the applications programs area. A1l of the
existing systems have some elements of capability that can be character-
ized as CMI, and most have some CAl capability. A1l of the functionail
capabilities required for the low-cost system have been inplemented on
one or more of the existing systems, but no sinale existing system in-
corporates all of the capabilities.

A large proportion of the CAl and CMI functional capabilities for
the low-cost system are currently implemented in the set ot applicatons
programs for the AIS. It is possible, with the ad-ition of applications
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piagramming, to bring the AlS, or another CBI system, up to the level

required for the low-cost system. The survey of existirg capabilities
indicated that fewer programs would have to be added ta tie AIS soft-

ware than to other existing systems. Therefore, the AIS applications

software is selected for the example system configuration.

6.0 SYSTIM ANALYSIS

Inteqrating the functional requirements with the hardware/software
capabilities was approached vy deter .ining the system requirements
dictated by the fyl11 1ist of functions. Then, the addition2l svstem
requirements dictated by the candidate s.ppart scftware and prograiming
language were assessed. Finally, the totai system requirements were
compared with :h2 capabilities of th2 candidate haruiare to detarmineg
th2 Teasibhility of wtilizing that hardware with the recowmended so’t-
ware and language to accomplish the required CAl and CM1 functions.

The cAl/CKI functions and their paycrf ratings were usea as a
starting roint in determining tire system requirerients, An attempt was
macde to determine the costs, in terms of storage, /0 time, CPU Cime,
or actual ¢ollars, of each functicn. However, the functiens ara so
heuvily inverrelates that, in 1ost cases, it is nct possible to assign
a cost to a singie function. For example, the infarmation in a
singie file may service several functions. 1f any one of those
functions is to te included, that file must be included also, but the
file can then be c¢nared by many other functions without any additional
cost. In other words, costs are driven by ¢roups of functions, aad in
general, a cost will be incurred if any or all of a group of functions
are to be proviZed. Sliminating one function from among a group does
not usuclly result in decreased system cost. Therefore, in subsequent
anaiyses, groups of functions are the usual unit of analysis rather
than singlz functions. However, if 3 sinqle functicn r=prescnts ¢
cons iderable impact on the System, and can be isolated, then it 1s
‘reated in that way. A list of the functions, with the files raquirec
and approximate CPU times needed for each, 1S shown in Appendix C.
These estimates Cerive from measured times and known file requirements
in the current AIS. The detailed requirements are surmed and used as
a basis for sizing the system hardware.

6.1 DISK SPACE

Required disk space can be estimated from a knowledge of the files
required, the required record structures, and the numter of records
needed. Experience on the AIS and the structures of the AIS courses
were used as models in estimating storage space requirements. Para-
meters used were number of courses, nwiber of Students per course, and
numbers of Dlocks and lessons per course. Information on the config-
uration of specific target courses was not available. Therefore, soue
assumptions consistent with possible application sites in Air Force
resident technical training were made:
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1. Five courses implementad on the system.

2. Jne hundred students per course per shift (500 students on
CMI/CAl at any one time).

3. Five blocks of instruction per course.
4, Sixty lessons per block.

Some subparameters within these main headings were also assumed,
based on current practice:

1. Two shifts of operation,

2. Students are assigned into learning centers, with 25 students
in each center,

3. Three course versions (shredouts, for exawple) per course are
implemented.

Five cateqgories were used in estimating disk space requirements:
1. Active programs.

2. CAIL.

3. CMI.

4. Racent Data File (RDF), the on-line record of the most recent
student completions of the blocks and courses,

5. Support for the compiler, operating system, file managenent
system, and the necessary support sofiware,

The number of zc¢ctive programs, assuming a lower software mainten-
ance ijoac than on tr2 current AIS, was estimated to be approximately
80% of current AIS usage, for a tctal of 30 miilion bytes (3 pits ver
byte).

Disk requirements for tae CAl programs were estimated using the
current. AIS structura as a .asis, but with a 70% safety margin. This
total then is 30 mil..on cytes,

The CMI requirenents were also cstimated from the ALS basis, but
with a safety margin of 50% (CMI requirements can be predicted with
greater acruracy). The CMI requirement is 30 million bytes.

Trie Racent Nata File requirement depends upon how many student
records the uscr activity will maintein on-Tine, An estimated 22
million bytes wiil be required in order to maintain, on-line, the
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records of the most i2cent 200 students to complete each of the courses
and eacn of the blocws assumed for the low-cost systen,

Support for th2 compiler, the operating system, ithe file management
systen, and the nezessery suppart software will iequire 67 mitlion hytes
af disk storage. Thi< includes a 507 aliawaance for expansion, should it
be desirable to expand the system software capabilities te pruvige "nice
to have" features in addition to the necessary features,

In summary, the tolal requiremert for disk space fov tho low-cost
system, assuriing JJ0 students irn the RDF, is 179 million bytes of
storaqe.

6.2 TERMINALS

The assumptions tnat there will be LO0 students on the system at
any one time, and that 10 of the instruction wili be CAl, leed to a
requirement for 50 student interactive terninals, A reasonavlc mix Vor
these is assumed to be 40 alphanumeric terminals, 7 low resolution
graphics/color terminals, and 3 high resolution graphics terninals.

Nine additional alphanumeric terminals arc assum~d to be required vor
administraiive use.

The CMI functions can be accomnlished with a min of on-line and
of f-Tina wanaqenent terminal devices, but the vequirements will derend
oh specific user applications. To input off-line tests and provide
printed feedback/prescription after cach such input, a low-cost printer
using inexpensive teletvpe paper is recommended, in conjunction with a
forms recader, CKT, or other peripherals., Five such managqeuient teriina)
siles will be required to manage 500 students per shift,

In summary, the following ©d4 terminals woulG b incorporated in a

“typical® configuration of the low-cost system for resident technical
Lraining:

1. Torty interactive alphanumeric teriinals for student use.
<. Seven low resolution graphics/calor termindls for student use,
J. Three high resolution qraphics terminals for student usc.

4, Yine interactive alphanumeric terminals for administrative )
]
use. :

5. five nanagement terminal sites.

6.3 MEMORY REQUIREMENTS

Wy —

Memory requirements are driven by such aspects of the system as .
characteristics uf the operating system, number of terminals, computer
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architecture, and language. The CAI/CMI functions are significant
factors because (a) they determine the requirements for terminals, (b)
the types of presentations necessitated by the functions affect the
amount of memory necessary, and (c) there will be many processes,
representing the applicat n programs which implement the functions,
operating concurrently on the system. In line with the design goals
and assumptions, there will be 64 users on the system at maximum load
(users at 50 CAI terninals, 5 management terminal sites, and 9 adwin-
istirative terminals), Therefore, there will be a maximum of 64
application processes on the system concurrently, AIS experience has
shown that processes similar to those representing the application pro-
grans implementing the recommended CAI/CMI functions will run with
adequate but not extravagant efficiency (i.e., producing the desired
response times) when 29,000 to 30,000 bytes of central memory are
allocated to each process. Therefore, the central memory requirement
due to the CAI/CMI functions is 1.9 million bytes.

Support for the compiler, the operating systen, the file manage-
ament system, and the necessary support software requires 100,000 bytes
of central memory. Much of the operating system will continuously be
in central memory, but the compiler, file management. and support soft-
ware will be loaded only as required.

The total central memory requirement due to the CAl/CIl] functions
and to software support is 2 million bytes.

6.4 DATA RATES

The recommended functions (Appendix C} were reviewed, within the
framework of AIS experience, as to the signal input and output reguire-
ments for the various types of transactions, and the approximate page
lengths to be displayed. Integrating the results indicates that a data
rate of 1200 bits per second will be sufficent for most terminal dis-
plays. Complicated graphics displays, depe ding on the instructional
requirements and on the terminal capabilities, could reguire a higher
rate. Therefore, an option for higher speeds is a factor for consider-
ation in the desiygn of the system,

6.5 TAPL DRIVE REQUIREMENTS

The rumber of tape drives required 1s determined by two types of
usage: main shift and off-shift usage. Main shift usage will consist
of requests for data submitted by course personnel, requests to restore
archived lessons, and requests to restore archived programs. The re-
quests for data will include course evaluation summaries, test item
evaluation rencrts, CA! reports, and special retricval reguests., Most
of these data will be on tape, It is possible to meet this requirement
with one tape drive, but a tape drive is required for each process that
is running. Two drives will allow two requests to be run ot the same
time.
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The off-shift requirements include batch jobs submitted by the on-
shift personnel and periodic jobs to maintain the CAl, CMl, and program
Jata bases. The periodic jobs will include the following:

1. Remove the CMI summary data from disk and merqe with the
historv tapes.

Remove the CAl summary data from disk and merge with the
history tapes.

~

3. Remove the test item data from disk and merge with the history
tapes.

4. Archive CAI lessons that have not teen used within a designated
retention period,

5. Archive computer programs that have not been used within a
designated retention period,

Although requirements could be met with one tape drive, there would
be severe penalties. Thesc include:

V. 0Oaly one report from tape could be run at a time.

2. A scratch arca on a diskh will be required to store data during
merges.

3. Computer operators will have substantially more loading and
unloading of tapes from drives,

4. If one drive breaks, no tape work can be done.

With two drives, two reports can be processed at the same time.
The CPU is normally faster than one tape drive anc can process data from
one drive while reading data from the other drive, The system would
also be able to ao tape to memory to tape, with two tape drives. With
one tape drive, the pracess is tape to memory to disk to memory to tape--
which 1s substantially slower. Therefore, two tape drives ave
recoomended for the low-cost “Al/CMI system.

6.6 HARDCOPY PRINTOUT REQUIREMENTS

The reports required for the five courses assumed to be implemented
on the low-cost system can be handled easily, on an cff-shift basis, by
a2 medium speed line printer, At 600 lines per minute, production will
be approximately 600 panes of printout per hour. This is more than
adequate to sapport information retrieval and analysis requests, There-
fore, a 1ine 'rinter capable of about 600 lines per minute iv
recommended.
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7.0 CONFIGURATION OF AN EXAMPLE SYSTEM

The preceding sections establish the hardware, software, and
functional requirements for the low-cost system, and designate candidate
hardware and software items for a low-cost system. The following para-
graphs configure an cxample system capable of meeting the requirements
and design goals as previously described,

7.1 MAINFRAME AND PERIPHERALS

The example CPU, the UEC VAX 11/780, is canable of adequately but
not extravagan{ly tulfilling the requirements for the low-cost CAI/CMI

systeri, The example system will include mainframe and peripherals as
follows:
Cost Monthly
Maintenance

One standard
VAX 11/780 packaaqe
with:
1. 512K bytes of memory.
2, One RCPO6 176 million

byte disk drive with

MASSBUS adapter.
3. One TEE16 45 inch/second

tape transport with

MASSBUS adapter.
4, One NZ11-A asynchronous

multiplexer for 8 lines.
5. One LA3H DECwriter 11

console, $125,000 $327
Additional eguipment te
neet havdware requirements:
1. One MS7800DB 612K

byte memory oxpansion, 22,000 1o
2. One MS7300C 1,024K

hyte =memory expansion. 35,000 Y
3. One RCMOJ-AA 7 millian

byte disk unit

with MASSBUS adapter. 25,000 170
4, One TE16-AE 45 inch/

second tape transport, 11,200 (1)
5, One LPIY-DA 96 charactey

660 line/minute printer. Jho7on 185
b, Ine B7211-R asynachronous

multiplexer for & lines, 1,300 2\
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Manthly

Cost Maintenance
7. Three D2Y1-E asynchronous
muitiplexers tor 16 lines
at $3,850. $ 11,550 $75
5. One H9602-DF UNIBUS
optiors cabinet. 2,300 nong
Totals $319,640 $1,668

7.2 TERMINALS

The “typical" system configuration (section 6.1.2) includes 9
administrative terminals, 40 alpihanumeric text terminals, 7 low
resolution graphics/color terminals, 3 high resolution graphics
terminals, and 5 management terminal sites. If the administrative
terminals are the same as the student text terminals (a feature that is
recommended to facilitate substitutions in case of failure), terminal
requirements hecome (a) 49 alphanumeric terminals, (b) 7 limited
graphics/color terminals, {(c) 3 high resolution gravhics terminals,
and (d) 5 management terminal sites.

I'rom section 4.2.5, the example alphanumeric text terminal is *,e
ADDS Regent 100 with function key ortion. The example low resoluticn
graphics/color terminal is the Intecalor 8001G with lower cas2 and
function keys. The example high resolution graphics terminal is the
Tektronix 4025 with 3192 words of qraphics memory. The costs for stu-
dent and administrative terminals for the "tyrpical" confiquration are:

49 ADDS Regent 100 at $1100 = $53,900
7 Intecolor 8001G at $2700 = $18,900
3 Tektronix 4025 at $4495 = $13,485

$86,285

For purnoses of confiquring an example system, it is assumed that
each of the five management terminal sites will consist of an QPSCAN 17
optical forms reader, a Teletype iModel 40 ROP printer, a Diaital Equip-
ment Corporation LSi-!1 mini-computer with peripheral cards, and various
disolays, push buttons, and specially designed circuitry. Fach such
tevminal will cust approximately $26,000. Total cost tor the five
management terminal sites will be:

5 Special Manaaement Terminals at $26,000 = $130,000,
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7.3 COMMUNICATION SYSTEM

A 64-port system for 59 student and administrative terminals and
five management terminal sites is required for the example system. [t
is assumed that four buildings (work areas) will be used in the oper-
ational low-cost system, with the computer and some classroom space
in une of the buildings. To provide communications to the three remote
buildings, three statistical multiplexer systems, each handling 16
terminals, will be used. The computer building is assumed to have 16
terminals connected directly to the network processing cquipment of the
computer.

The configuration to each of the remote buildings will include a
pair of 1€-channel statisticel multiplexers (one at the host computer
and one in the remote building connected to the terminals), a pair of
short-haul modems (one at each multiplexer) operating at 9600 bits per
second, and two twisted pair telephone lines. The entire conmunications
confiquration will then consist of six statistical multinlexers, six
short-haul modems, and six pairs of Guvernment furnished, twisted pair,
dedicated telephone lines. Using the Dianital Cormunications Associates
(DCA) Smart/Mux 115 statistical multiplexers and the Snytech LDM-7296
short-haul modems (section 4,4,.2), the cost of the example cormunication
system is:

6 DCA Smart/Mux 115 at $4300 = $25,800
6 Syntech LDM-7296 at § 690 = $ 4,140
$29,940

7.4 LIFE CYCLE COSTS

The initial cost of the hardware represents only part of the total
cost. Some changes in the facilities, organization, and courseware will
add to the initial cost. During the lifetime of the system, costs will
be incurred for maintenance and supnort, materials and supplies, encrcy
used, and initial, as well as some continuing, training for personnel
using the system,

tight years is used as the total 1i1fe of the system, Costs for
hardware and software maintenance and support are estimated and
escalated for those 8 years., Some costs could not be established
because of lack of required infarmation. For example, courseware costs
cannot be established unless detailed information about the target
courses is known. Also, costs per work hour cannot be established with-
out details of the internal costs ¢f the organization furnishing the
manpower. In these cases, then, ¢ work hour estimate without dollar
costs was established.,

The following paragraphs indicate how the calculations were carried
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out, and show estimates in work hours for the identified tasks., Where
appropriate, quantity discounts (over 10 upits) are included., However,
savings from original equipment manufacturer (OLM) agreesents, which
might be effected on all equipment, are not included.

7.4.1 Mainframe and Peripheral Hardware

Initial costs of the computer mainframe and peripherals (not
including terminals and comnunication equipment) are listed below.
Maintenance costs far successive years are calculated by increasing each
previous year's cost by o, the percentage of increase projected by
Digital Equipment Corporation for salary and spare parts increases,

Initia)l Cost (Section 7.1 above) 319,640
Year 1 maintenance cost S0L,016
Year 2 maintendance (ost 21,210
Year 3 maintenance cost 22,489
Year 4 maintenance cost 23,839
Year 5 maintenance cost 25,269
Year © maintenance cost 26,784
Year 7 maintenance cost 25,398
Year 8 maintenance cost 30,095

Total & year cost  $9%17,.7410
7.4.2 sSottware bevelopment

The two main areas of sofuware development for the low-cost
system are the transportability of the AIS developed software and the
additional applications proarams necessary to meet the tuncticnal
requirements of the low-cost system. The transportability of the AlS
CAMIL software is presently being carried out by the Mclonnell Douglas
Astronautics Company. The additional applications software is estimated
to represent three work years of effert, This figure includes all
functions reconmended for the low-cost svstem (Appendix ) and not pro-
vided by current AIS applications software, except intertfacing with
other Air Force managenent systems,

7.4,3 Software Maintenance

For purposes of estimating the cost of maintaining the soft-
ware of the example system, one full time application programmer and one
full time systen programmer are includ: 1. The maintenance will include
minor improvements to the software as well as corrections to faulty
software (due to progcanming crcors in the initial software).

Should expansion of the recomended system occur at one Air tarce

base, the two software maintenance persovnnel described in the preceding
paraqraph could maintain four systems. Because the additional systems
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are duplicates of the initial system, changes or corrections made to
one can easily be applied to the remaining systems,

If mulitiple versions of the initial system should be implemented at
various bases, additional software maintenance personnel would be re-
auired. Two maintenance personnel would be necessary at the initial
base, as described above, with one additional application proqrammer at
each additional base to implement the modifications determined by the
personnel at the initial base.

7.4.4 Operations

When hundreds of students and instructors enter data into a
computer, "foul-ups" are inevitable. This, plus software and hardware
failures, establishes a need for monitoring. AIS experience confirms
the need for monitors to be located in the classrooms near the terminal
areas and in the computer room,

(One person with a thorough knowledge of the operation of the
computer system, stationed near the tewminals, can greatly improve the
operation of the system and save on instructor hours, This person
should be available at the terminal for correcting minor student/
computer interface problems, This frees the instructor to handle the
student's instructional problems. This person also is responsible for
keeping the terminals in working order, and for calling maintenance
with any of the more difficult operational probiems. The number of
persons required for this task depends on the locations of the
terminals. [f several management terminals are located near each other,
one person can handle problems at several terminals. As physical
separation grows, additional people are needed. This report assumes
that the user group will furnish these personnel and that they will be
trained as needed (section 7.4.10).

Computer operators are needed at central site to loot tapes,
answer maintenance calls, keep records, and generally monitor combuler
oberations, 3Since this systewm is a production systenm, it is expected
that operator intervention will be minimal., Limiting hatch Jobs and
other tasks that require operator interventior to specified times of
day further ninimizes the manpowrr requirenent. Tne effort per system
can be minimized if the mainframes for several low-cost systems are
Tocated near each other, Ffor cost estimation purposes, one operator per
system per shift and one additional backup operator arve included,

7.4.5% TYerminal and Communica*ion Lquipment
The terminals and comauaications eauiveent requived for a

“typical” low-cost CAI/CMI svystem configuration are as follows (svare
pirts requirements are listed in section 7,4,06):
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9 ADDS Regent 1010 at $ 1100 = $ 53,930
7 Intecolor 3001G at £ 2790 = $ 13,300
3 Tektronix 4025 at $ 4495 = § 13,485
b DCA Smart/Mux 115 at $ 4300 = $ 25,800
6 Syntech LDM-7296 at § ¢90 = 8§ 24,140
5 Management Terminals at $26000 = $130,000

Total Purchase Price $246,225

7.4.6 Terminal and Comrmunication Equipment Maintenance

Because of the proliferation of equipment from different
vendors, it is not practical t9 procure maintenance contracts from each
ingdividual vendor. Most manufacturers require that malfunctioning

aquirment be delivered to their own service centers. The manufacturer-
service approach generally means

1. High cost per unit maintenance contracts (usually 3/4% to 1.
of purchase price ner ponth).

2. Shippino or travel time delays.

)

3. A requirement for many complete unit spares.

The recormended maintenance approacih is to provide an on-site
repair canability for non-mainframe equipment. The primary duty of
these personnel is to maintain individual CRT terminals, coremwunication
equipment, and menagement terminal peripheral equipment (such as the
forms reader, controller, and printer) by troubleshooting the vquipment
ani remlacing malfunctioning printed circuit boards or individuel com-
ponents. Seconaarv duties include accepting trouble cails from class-
rooms, and locatina and replacing malfunctioning equiprent. Far cost
estimation purnoses, 4 work years per vear are included for these tasks,

Usina the on-site maintenance personnel approach, a supoly of
spare parts is nceded for CRT terrinals, comunicetion equipment, and
manaaement terminal component equidment such as marhk readers, con-
trollers, and printers. To cover spare parts for all equipment except
the printers, a spare parts budget of 7 of purchase price per year is
called for. AIS experience incicates that the heavily uscd mechanical
printers require a 251 ver year budget, since the entire printer must
be replaced approximately every 4 years,

Using a rate of 7% of purchase price per year for a spare parts
budget for non-mainframe equipnent except manacement terminal printers,

which are figured at a 25% annual budget, the first year costs arec as
follows:
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49 ADDS Regent 100 at $ 77 =3 3,773
7 Intecolor 8001G at $ 189 = §$ 1,323
3 Tektronix 4025 at $ 315 = ¢ 945
6 DCA Smart/Mux 115 at $ 301 = $ 1,806
6 Syntech LDM-7296 at § 48 =8¢ 238
S Management Terminals--

Non-printer equipment at $1540 = § 7,700
Printers (257 rate) at $1000 = § 5,000
First Year Spare Parts Cost

of Non-Mainframe Peripherals $20,835

Using an appreciation rate of 7.5% per year for the increase in
cost of replacemeny parts, the spare parts budget for the first 8 years
would be as follows:

For year 1, the spare parts cost is $20,335
For year 2, the spare parts cost is $22,398
For vear 3, the spare parts cost is $24,078
For year 4, the spare parts cost is $26,67u
For year 5, the spare parts cost is $23,677
For year 6, the spare parts cost is $30,528
For year 7, the spare parts cost is $33,149
For vear 8, the spare parts cost is 535,625

Total spare parts appreciated cost is $222,257
7.4.7 Facility Reguirements

Installing a computerized training system in 1 resident
technical trainino environment sometimes necessitates facility changes.
Tne changes that are necessary depend, of course, on the existing
physical plant, cowputer location, amount of mediated material, and many
other factors. Without known parameters, it can only be stated here
that the i1deal situation is larqge learning centers located close to the
managenent termirals and as close as possible to the computer room.

The size of conputer room needed for this installation is approximately
350 snuare feet. The computer room must be air conditioned to maintain
approximately 70 degrees F with a 48,00) BTU per hour load.

7.4.% Enercy Requiremnents

The energy requirements for the system corsist of the direct
electrical consumption for mainframe, peripherals, ond terminals, and
the air conditioning fur the computer room. Tne total direct electrical
power requirement is 2% kWH per o;erating hour. The air conditioning
requirement is for 43,000 BTU per hour,




7.4.6 Courseware Development

Intraducing a CBI system inte an cn-geing course of instruc-

tion will, almost always, eatail costs far changing courseware. These
changes will vary greatly dependina on tne existinag environment., For
example, an extremely important factor is whether g course s currently

self-psced., Without definition of target courscs, these costs nave not
been estimated.

7.4.1% Trairing

The success of any system 1s largely dependent upon the
sophisti.ation of 1ts users, To this end, training custs should be in-
c¢luded in the life cycle costs. daverience with the aperation of the
AlS has identified s~veral cateqories of training that are highly

recommended. The levels of trainina cnd (he estinated nours of iastruc-
Licn are as follows:

1. The Deputy Coutaander for Training {(TTC/TT) and subordinate

divisions, e.yg., the Plans and Requirements Zivision (T7CX),
consuitute tne upper level of local training administration
ane managemeny.  Training at this level should consist of a
system overview and will require approximately 6 instructional
hours. Technical Training Groun Commanders and perscninel of
their Resource Mananemen: Sections (TTCC) sioula also receive
treining at least equal ta that provided TIC/TT,

Branch Chiefs and course supervisors arn rhe next level of
training manicement and should receive a rore complete pre-
sentation of the espects of the systen. This level will require
asproximately 50 instructicnal hours.

Curricula and Instruction and teasurement personnel should
receive training in the evaluaticn aspects of the system. This
training wil) require approximately 120 instructional hcurs.

Instructor supervisors and instructors should be trained in
the operational aspects of the systen. The initructor super-
visars should receive approximately 9 insiructional nouvs, and

the instructors shiould receive approximately &0 hours of
inscruction.

Course Data Gase Manager and Student Control personnel should
receive instruction on manipulating the course data bhase to fit
course grganization and neeos, The data manager will be
expected to make all data base channes and should receive 120
hours of training. The student control person will work

directly in the day-to-day operations with tne students and
shoule receive 16 hours of training.
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6. School Data Base Nanagement personnel should receive more
global training, becoming familiar with all courses and pro-
viding leadership and services in such areas as stratejies,
student management, documentation training, and course
liagiscn. This training should be approxinately 400 hours.

7.4.11 Supplics

Tne necessary consumable suppiies, used mainly with the
manaceiient terminals and ovf-line testing, ar-: (a) central site pripter
paper, (b) management terminal printer oiper, (c) student test forass,
and (d) miscellaneous supplies, such as printer ribbons, computer fapes,
disik packs, tools, and cleaning supplies. Estimates of these cosSts gré
based upon curtent experience with AIS in usage per on-line student.

The number of stuaents on-line is assumed (o be 500 per shift vty two

shifts, The estimated costs of these supplies are based on the follgyim
assunptions:

1. Test form usage i1s estimated based on the assumption of five
transactions/student/shift, Total forms Lsage is then ¢a)cCy-
Jated by assuming 250 training days per year, with 32 waste
and failure, Total yearly cost: 3519,500.

Co lanacement terwinal printer paper costs are estimated by ysing
the five transactions,/shift figure. The yearly cost: $6 o0,

J. central site crinter paper usage is estimated by assuming thyt

a produczion system will not have software developrent. I((5ace
will include CMI reports, CAl cuithoring and evaluation, Caurse
materials development, and other admirnistrative and evaluatipn
usage. Usage is estimated at 70 «of current AlS usage. Totad
yearly cost: 56,000,

4. Magnetic tapes and disk packs will be needed av ine central
site for data storaqe anu backup. It is estimated that SL)U per
year viiil be required for tapes. Four extra disk packs should
be nuircaased the first vear and an averacge of cne per vear
thereafter. 7Taese costs are detailed below.

'st year = §2,700
2nd through 8th year = 5675 per year

o
.

Miscellaneous supplics iaclude needs for day-to-day operationg
such as tools, bench stock, cleaning materials, pricter ribpo”s.

etc. The estimated yearly aiscellancous supply cusi:  §1,5L1,

The sumnary < supdly costs, escalatea at 7.5 por year, is Showy {
helow. :




1st year $36,200
2nd year $33,915
3rd year $41,833
4th year $44,970
Sth year 543,342
6th year $51,967
7th year $55,864
8th year $60,0%3
TOTAL for 3 years = $373,144,

7.4.12 Cost Sumrmary

Total Recurring
8 Year Costs,

Paragraph/Title Ccst For Per Year
One System

Mainframe & Peripheral Hardware $517,741

7.4.1
7.4.2 Software Developnent 3 MY
7.4.3 Software Maintenancec 16 My* 2 Ny=
7.4.4 Operations 16 Ny+ o Hy»
7.4.% Terminal & Communication
Equipment $246,225
7.4.6 Terminal & Communication
Maintenance §222,257 $27,782
32 My 4 My
7.4.7 Facility Requirements 350 sq. ft.
for Computer Room
7.4.8 Lnergy Requirements, 928 MwM 116 MWH
two shift opcration 1536 MBTU 132 MBTU
7.4.9 Course Development Unknown  e=-e-
7.4.10 Training Unknown**  ecwa-
7.4.11 Supplies £378,144 $47,263
SYSTEM LIFE CYCLE COSTS:
Hardware & Supplies $1,364,307 $75,050
Hanpower 67 MY 8 MY

* Additional systems, if co-located with a first system, could share
personnel,

** Required hours will depend on personnel turnover rates,
8.0 CONCLUSIONS
The principal components of a dedicated local system will include

8 Computer and peripherals.
Student and administrative terminals--alphanumerics, graphics/
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color, and high resolution graphics.

Management devices--forms reader, printer, and controller.
Communications network,
Software.

An operationally configured dedicated local system, to support 500
students per shift on CMI and CAI in resident technical training, can be
acquired for approximately $500,000 (1979).
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APPENDIX A

LISTING OF CAI/CMI FUNCTIONS FOR SURVEY

I. STUDENT TESTING AND EVALUATION - Using the computer to assist the
instructor in evaluating the student. The tests which are read 2nd
scored by the computer can include, for example, aptitude tests, lesson
or block tests, performance checks, attitude measures, or biographical
information, Questions could be true-false, multiple choice, or con-
structed response (single words, ar phrases, or sentences). Students
receive quick feedback, instructors don't have to score tests or

record grades, and all test results are readily available for reports
or evaluations,

A. Test Scoring and feedback Capabilities - The computer system
can score those tests for which test keys have been previously
input. The results from each test can be printed out for the
student and instructor. Questions are true-false or multiple
choice,

RATING:

1. Answers are scored right or wrong, and a designated percent
correct is required to pass the test, RATING:

2. Total score on the test is corrected for guessing.
RATING:
3. Some questions can be weighted more heavily than others.
RATING:
4. A designated percentage of a set of objectives must be
passed in order to pass the test, for example 3 out of b
objectives, RATING:

5. A specific objective or objectives must be passed in order
to pass the test. RATING:

6. A specific question must be passed in order to pass the
objective (or the test). RATING:

7. Performance checklists, as completed by the instructor, can
be scored by the computer. RATING:

8. An instructor can bypass a test by "certifying" that the
student knows the material. RATING:

B. Additional On=Line Testing Capabilities - Students can be tested
on-Tine at a compuler terminal. The order of questions and the
sequence of alternate answers for each question can be scrambled
automatically for each test administration, On retesting after
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an initial failure, retest can be on only the failed objectives.
Questions can be true-false, multiple choice, or constructed

response (English words). The amount of testing can be
dent on the student's earlier performance in the course or on

this test. RATING:
1. Random presentation order for questions. RATING:
2. Random presentation order of alternative

answers. RATING:
3. Retesting is only over failed objectives. RATING:
4, Questions can require constructed response

(English) answers. RATING:
5. Amount of testing depends on performance on

earlier questions in this test. RATING:
6. Amount of testing depends on performance

earlier in the course. RATING:

depen-

C. Determination of Pre-Course Student Characteristics - Prcvides

for use of student data collected before or at the beginning of

training.

Uses can include, for example, examining eliminations

as a function of aptitude and years of school or predicticn of how

fast a student will complete the course.

1.

Computer storage and retrieval of relevant Air Force

personnel data - for example, ASVAB or AFQT scorcs,
or biographical data such as previous schooling.

RATING:

Storage and Retrieval of Student's Prior Knowledqge
of Course, Block, or Lesson Objectives - scores on
criterion-referenced pretests or other measures of

training objectives. RATING:

Storage and Retrieval of Student's Learning Process

RATING:

Skills -

for example, any ability, attitude or interest tvpe measures

such as reading comprehension, study habits, etc.

RATING:

Storage and Retrieval of Student's Course-Specific Critical
Entry Skills - for example, aptitudes, abilities and inter-
ests that are specifically related to success in a par-
ticular training specialty, such as mathematical ability

or interest in the career field. RATING:

R
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D. Determination of Within-Course Student Attitudes and Interests -
Provides for use of attitude or interest data collected in the
course of training. Uses could include evaluation of instruc-
tional materials or procedures, prediction of completion times
or rates of progress, and prediction of field perfx?Fagce.

R :

1. Storage and Retrieval of Student's Pre- and Post-Course
Attitudes - for example, student's attitudes toward
training, materials, or methods. RATING:

2. Storage and Retrieval of Changes in Interests or Attitudes
During Training - for example, periodic questionnaires to
assess interests in the training itself, or the media.

RATING:

[1. STUDENT ASSIGNMENT (IN SELF-PACED COURSES) - Use of the computer to
assign trainees to lessons, tests, or other instructional alternatives.
The assignments can be based on considerations of lesson content, avail-
able resources, student characteristics, or student performance data.
Students receive their next assiqgnment inmediately after completing
their preceding lesson, and training resources are scheduled for

optimal usage.

A. Assignment to Alternative Course Versions - Course versions
which differ as to content (perhaps for different shredouts of
a specialty, or to test and implcment new training materials)
can be established. A student enrolled in a particular course
version will be assigned only the materials for that version.
RATING:

B. Determination of the Order of Assignments - The computer takes
into account various classes of information in determining what
to assign next to a trainee. The information considered can
includo, for example, work the trainee has completed to date,
the trainee's rate of vroqress to date, availability of instruc
tional resources, and requiremerts %o assemble a team of

trainees for a training task. RATING:

1. Order of assianments based on lessons combloted to date.
RATING:

2. Order of assignments based on performance (time and
scores) on ecarlier lessons. RATING:

J. Order of assignments based on availabiltity of resources,
RATING:

4, Order of assionments based on considerations of assembling
a team of trainees for a team task, RATING:
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5. Order of assianments determined bv ¢llowina instructor to
pick from available lessons, RATING:

Assigmment to Alternate l.essons - Provides for student assign-
ment to available alternate media (e.q., printed vs. audio-

visual media) or alterna’e versions (e.c., easy versus difficult).
RATING:

1. Based on Instructor Selection - instructors select alter-

nates based on their assessment of the student's needs.
RATING:

J. Based on Student Selectinn - students select, from lists ot

available alternate media or lessons, the particolw one(s)
the prefer, RATING:

3. Based on Resource Availability - compuler proaram makes the

selection of a particul2r media or lesson on the basis of
availability, RAT NG

4, Based gn Within-Course Student Performance - conmuter nro-

gram selects a particular mediaz or lesson on the basis of
the student's prior test scores, times-to-complete, or
within-course motivation/interest.

RATINIG:

». Rased on Pre-Course Student Characteristics - computer pro-

gram selects a particular media or Yesson on the hasin of
the student's qeneral antitudes, abilities, attitudes,
interests or other pre-course data, RATIRG:

b. Computer Selections Rased on Logical Ruley - simple

Yif. . then' Togical rules arc used in the selection of medig
or lessons. PATING:

7. Computer Selections Based on Performence Predictions -
student characteristics and performance are usced to predict
which media or lesson is best for a given student,

RATING:

Assignment to Alternative Remediation Activities - Pravides for
assignments to available alternate remediation materials and
media (e,0., CAl reviews, instructor tutorials, cotc.).

RATING:

1. Lessons - the computer assigns each student to the best
avaiiable remediation alternative for second and subsequent
attempts to master lesson objectives. RATING :
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2. Lesson Groups - the computer assigns the best available

remediation alternatives to each student who is having
difficulty mastering the objectives in a related group
of lessons, RATING:

3. Block or Course Level - the computer assigns the best avail-
able remediation alternatives to each student who is having
difficulty mastering block or course level objectives,

RATING:

Test Selection and Assignment - Different forms of the tests
can be selected and assigned by the computer. The computer
can also determine if a particular trainee ‘- hould take an on-
line (CAIl) or an off-line (paper and penci:} ‘2rsion of a test.
RATInNG:

1. Assign the different forms of a test at random.
RATING:

2. Exclude versions that were taken by the trainee on an
earlier attempt, RATING:

3. Computer datermines whether to assign on-line or off-line
version of test. RATING:

Assignment to Supplementary Skill Training at Course Entry -
Provides for assigning those students i1dentified as having
deficiencies in critical entry or learning skill areas to
supplementary or remedial skill training. Students would be
assigned in these areas prior to beginning training or early
in the training process by specialized materials or instruc-
tional procedures. RATING:

1. Based on Critical Entry Skill Assessment - for example,
students would be assigned to materials to improve their
reading skills or mathematical skills prior to beginning
training. RATING:

2. Based on Deficient Learnina Skills Assessment - for example,
students would be assigned to materials to remedy defi-
ciencies in general study habits and skills, including con-
centration skills, memorization skills, and test taking
skills. RATING:

Additional Resource Management Considerations - The system can

determine which resources are needed by a lesson, if they are
available, and where they are located. Mananed resources can
include classroom spaces, 1esson materials, mecdia devices, work
stations, simulators, and other training equipment. Students
can be assigned in a manner that will even out the distribution
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of students throughout the course and that will attempt to keep
as many assignment options available for the student as possible.
RATING:

1. Student assignment to the learning center o; classioom
with the most room {other instructional considerations
being equal). RATING:

2. Student assignment to blocks of instruction to achieve
an optimal distribution among hlocks (other instructional
considerations being equal). RATING:

3. Capability to assign students to resources that are outside
their own learnina center or classroom (that is, capability
to share resources among several classrooms).

RATING: .
ITI. STUDENT PROGRESS MANAGEMENT - Computer-based capabilities to
support the management of a trainee's progress through a self-paced
training process. These capabilities range from simple scheduling to
sophisticated progress prediction and management. Both the student and
instructor know how the student is progressing at all times - on
schedule, ahead, or behind.

A. Scheduling Student Entries into the Course - Notifying the
student squadron or other authority as to which students can
start the course each day based on available space in the
starting block or blocks. RATING:

B. Graduation Forecasting - Predicting, on the basis of the stu-
dent's performance Tn the course, the date on which he will
complete the course, barring subsequent absences. Predicted
graduation dates can bc shown on the Learnirng Center roster
and special reports can list the students predicted to graduate
within a specified number of days. Required out-processing
activities can be scheduled, reports for the 8ase Personnel
office can be prepared, or the System can be directly inter-
faced to the Personnel Computer System, RATING:

1. Predicted graduation date shown on roster RATING:

2. Predicted graduation dates within a specified
number of days are available by special report
RATING:

3. System-generated reports to Base Personnel 0Office
RATING:

4. Direct interface to Base Personnel Computer System

RATING:
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5. System scheduling of out-processing activities
RATING:

C. Monitoring and Management of Student Progress to a Target -
stablishing a target completion date, for the whole course or

for individual blocks for each student on the basis of pre-
course characteristics (e.g., ASVAB or Pre-course test scores)
or performance in the early tlocks of the course. Both the
student and the instructor will receive feedback on the stu-

: dent's progress relative to his target. Targets can be made

3 relative to either average actual course length or the POI

course length, RATING:

U
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1. Targets and management printouts addressing the whole
course, RATING:
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Targets and management printouts addressing individual
blocks. RATING:

T

. 3. Use of pre-course data in establishing target dates,
Y RATING:

4, Use of within-course data in establishing target dates.
RATING:

. 5. Targets are established relative to average course length.
: RATING:

: 6. Targets are established relative to POl course length.
. RATING:

e e A

I1V. SUPPORT FOR GUIDANCE AND COUNSELING - Computer-~based capabilities
to support student guidance and counseling by instructors and course
management personnel. These capabilities can be based on identifying
entry skill deficiencies, deficiencies in within-course performance, or
both, Instructors car quickly determine which students need counseling,
and can retrieve from the computer the information needed to give mean-
ingful guidance to the student.
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A. ldentification of Students Needing Special Attention at Course
Entry - Provides for the identification and reporting of stu-
dents expected to be proficient or deficient with respect to
mastery of course or training objectives. Tnis identification
and reporting is initiated at the beginning of the training
process to focus guidance and counseling functions on those
students most in need of special training procedures,

RATING:
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Students Flagged on Pre-determined Entry Variables - for

example, a list of students measured as proficient or as

aeficient on precourse assessments can be printed.
RATING:

Proficient and Deficient Student Scores Printed - besides
11sting students expected to be proficient or deficient,
their scores on selected critical entrv skill variables
(e.9., reading, math, study skills) can alsao be printed.
RATING:

Scores for All Students on Critical Entry Variables Printed -

a report which includes the scores of all students on those
variahles identified as critical entry skiils, flagging
those student scores which are deficient. Allows extra
capability to watch students who may be marginal,

RATING:

Preficient and Deficient Student Predicted Completion Times

Printed ~ in addition to the foregoing information, the

predicted training completion times can be printed for those
students expected to be proficient or deficicit in wmastering
training objectives, RATING:

Identification of Marginal Student Performance Within-Course -

Provides for the identification and reporting of students

expected to have difficulty mastering training objectives.
Identification and reporting are initiated during training to
direct special help to those students most in need of it.

1.

RATING:

Students Flagged on Pre-determined Time and Score Variables -
for example, a Tist of those students exceeding predetermined
training time cut-offs, or scoring below predetermined
criterion levels on training objectives, can be printed.

RATING:

Tites and Scores for Marginal Students Printed - for
example, besides 1isting students whose performance in
training is marginal, their actual time and score data can
also be printed. RATING:

Students Identified for Possible Elimination from Training -
of students Tisted as marginal, those whose time cr score
data are below course-established minimuns for acceptable
performance would be flagged as possible candidates for
elimination. RATING:

Scudents Identified for Specialized Remedial Training -

students identified as marginal on the basis of their train-

74

g
A
b

'
4

o




ing times or scores receive specialized remedial training
assignments (e.g., to special instructor tutorials,
remediation sessions out-of-class, or special skill traininyg
for remedying iearning or study skills weaknesses),

RATING:

V. COMPUTER-AIDED INSTRUCTION (CAl) - Lesson materials are stored in

the computer, and on request arve disn>layed to a trainee for study. The
stored materials caun include text, questions, and graphics. The trainee
may interact with the couputer throuoh a keyboard, bty pointing (touch
panel), or with a light pen (pointing to or drawing on the display
screen). Student interaction can range from "turnin: the pages" on up
through very sophisticated exchanges - for example, in sinwulated trouble-
shooting, various information can be requestea from the computer, and
various solutions can be tested.

A. CAl Aogpiications - There are five different ways in which CAl
can be used In Air Force training: drill and practice -
practice with correction and guidance of basic skills and
knowledges learned via other media; tutorial - the use of CA]
for particular whole lessons which arve particularly difficult;
simulation - use of CAI to simulate equipment Or processes andg
to teach students to use the equipment or follow the process;
review and remediation - use of CAl to quickly review the con-
tent of a block prior to a block test or to remediate over
failed objectives following a tlock test failure; and study
skills - use of CAI to teacih specific study skills to students
who are deficient in these areas. RATING:

1. Drill and Practice CAl in your trainino area.

RATING:
<. Tutorial CAI in your training area. RATING:
3. Simulation CAIl in your training area. RATING:

4. CAl for Block Review prior to the block test,
RATING:

5. CAl for Block Remediation after a failure. RATING:

6. CAl for teaching study skills. RATING:

B. CAI Capabilities - Regardless of the particular applications,
the sophistication of the CAl capability can vary from lean to
rich. The most basic CAI system would present text, and allow
input to multiple-choice questions via a typewriter keyboard.
The CA] programs would contain the capability to adapt to the
student's responses but they would not access other information
about the student stored in the computer. A richer CAl system
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will support graphics (line drawings) as well as text, allow
students to enter constructed-response (open-ended) answers, to
respond by touching the screen (using a touch-sensitive
surface), or with a light-sensitive pointer (1ight pen),
control a supplementary slide or film-strip presentation,
control an audio tape, and retrieve other information about

the student from the data base to allow more adaptive
instruction.

1. Basic CAI - presenting text, and allowing input to multiple
choice questions from a keyboard. Has the capabilily to
adapt to the answers, but does not access other informaticn

about the student. RATING:
2. Adoing graphics capability to the basic CAI.
RATING:
3. Adding constructed response test items (English
answers) to the basic CAI. RATING:
4. Ahdding touch-sensitive or light pen capability.
RATING: N
5. Adding audio tape control to basic CA] - can
present voice accompaniment during selected
parts of the lesson. RATING:

6. Adding computer control over a slide or filmstrip
projector - can present supplementary visual materiai
to accompany the CAl display in decignated parts of
the lesson. RATING:

~J
.

Providing additional student information from the
computer data base - for examnle ASVAR or AFQT scores,

reaiing abilitv scores, or veric.mance on an carlier i

}ersson - to increase the soohisticatior of adapting 3

the CA]l oroaram to the studenrt's abilities and interests, ¥
RATING:

) i

On-line Learning Prccess or Specialized Skill iraining - Pre- 4

sentation of specialized training in a highly interactive, H
computer-assisted fcrmat to either students or instructors, in
the case of students, the on-line materials vould be de<igned
for learning skill training (e.g., study hahits and skills,
test-taking skills, memmrization skills) for those students
identified as needing this training, In the case of instruc-
tors, the on-line materiais would be designed to train
diagnostic, tutorial, or other counseling skills for those
instructors who valunteer or are selected for this training,
RATING:




1. On-line Student Skill Training - for example, for students
1dentified as deficient {n critical entry skills or as
having marginal within-course performance, assignment to
specialized on-line materials would be provided.

RATING:

2. On-line Instructor Skill Traininc - for example, for in-
structors who volunteer or are selected for specialized
skill/role training, assignment to specialized on-line
training materials and sequences would be provided.

RATING:

I. CMI DATA BASE AND CAI MATERIALS PRODUCTION AND MAINTENANCE - To
erform any training functions, the computer must be informed about the
rainees (name, social security number, course, etc.), the course
tructure (tests, lessons, resources, allowable sequences of lessons,
tc.), and student performance (lessons completed, test scores, block
ompletion times, etc.). The CMI Data Base refers to entry, storage,
nd maintenance of this information.

In the case of Comouter Assisted Instruction (CAI), all of the
esson infornation (text, questions, graphics, branching instructions,
tc.) must be stored in the computer. CAl Materials Production and
aintenarce refers to entry storage and maintenarce of this information.

A. CMI Course Definition Data Rase Editing - Used by course person-
nel to enter the information that describes the course structure
to the computer, This editing should be easy to accomplish and
easy to modify, It can be an off-line card based system {(course
personnel describe the course structure on paper, and later
receive a printout listing what has been entered into the data
base), or can run on-line (course personnel at a computer
terminal enter, display, and change the infornation diractly).
Te facilitate use, the on-line system can use graphics to dis-
play the course structure (the allowable paths through the
lesson materiais).

1. Making the system on-line, rather than the off-line
card based approach. RATING:

2. Usina qraphics to displav the course structure, rather
than relying completely on words, RATING:

B. Automatic Validation of Course Data Base Integrity - Capability

to check automatically if all required data base records to
describe the course are present, and consistent. vhen a new
course or course version is implemented, or an existing one is
changed, all of the lessons, tests, and blocks must be in the
data base, This capahility will autonatically check for
completeress. RATING:
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Editors for Production of Cn-line Tests - If the System includes
the capability for on-1ine testing, a means must be pravided to
enter the test questions and their alternatives into the
computer system's data base - a Test ltem E£ditor. The simplest
form of the Editor would allow the authcr to type in text. Add-
itional features would fcrmat the test question for the author,
allow the author tco decide whether or not to randomize the
presentation order of test items and of alternatives within

test items, contral the number of a*tempts the student could
make on each iten, and enter feedbaci. messices to follow

correct and incorrect answers, RATING:

1. Adding gutomatic formatting for the entry of test
questinng, RATING:
2. Adding author control over whether order of test
itens and alternagtives will be randomired.
RATING:

3. Addirng author contral over the number of atterpts
allowed on a question. NATING:

4. Adding feedback messages for correct and incorrect
answers, at the author's eoption. RATING:

CAl Authoring tditor - If the System includes CAl, there must

be a reans of producing the CAl materials or programs. The

traditional approach is to have CAl authors learn an authoring

lanquaqe, and use it in writirg their lessons. Anr alterrative

is to have CAl lessons written by an author/progranmer team.

These approaches require practice and experience., Another

alternative is to provide a CAI Authering Editor which structures

the author's task for him, provides standaraized foymats for

text frames and questions, and eliminates the need for anv pro-

cramming ability. The program format would not be rigid and

alternative presentation approaches can be provided by the

Editor. Instructions for using the editor can be in a manual

and in addition, instructions can be displaved in the Lditor

program itself through a HELP request. The HFLP informatinn

can refer just to the operation of the Editor or can also

provide guidelires for good instructional practices.

!. Providing a CAI Authoring Editor, rather than requiring
CAl authors to learn the programming lanquaqe or work
with a programmer to construct lessons. RATING:

2. Providing, in the CAT futhoring TLditor, automatic
or

formatting for text frames and for questions,
RATING:
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3. Providing, in the Editor, automatic structuring of
the sequence of frames and questions in the CAI
presentation. RATING:

4. Providing capability to copy text frames, questions,
and graphics from other CAI lessons. RATING:

5. Providing a HELP request to display instructions fo
using the Editor instead of relying entirely on an
instruction manual. RATING:

6. Adding guidelines for good instructional practices
as part of a HELP request at the terminal. RATING:

E. Use of Test Item and CAI Authoring Cditcrs for Off-Line

Materials - If Test ITtem and CAT Authoring Editors are avail-
: able, 1t may be useful to use them for producing tests and
i instructional materials which are intended for use off-line,
e.q., reqular programmed texts. The Editors can be used to
write, review, and revise the tests and materials and the final
product can be printed out ready to be reproduced. If the
nuiber of copies reauired is not too great, multiple copies can
be printed to avold the need for reproduction. Finally, small-

] group tryouts could be conducted on-line (1ike CAI) to provide
: more detailed information on students' reactions to the
materials, RATING:

1. Using the Test Item Editor to construct and produce
off-line tests. RATING:
2. Using the CAI Authoring Editor to construct and
produce off-line lesson materials, RATING:

J. Using Editors for review and revision of tests and
lesson materials. RATING:

1. Printing out a master copy, ready for reproduction, of
tests and materials which have been written using the
Editors, RATING:

5. Printing out multiple copies of tests and materials,
in order to bypass reproduction for small quantities.

RATING:
6. Providing capability for conductiiiy on-line small
aroup tryouts of materials and tests. RATING: L
F. Use of On-Line Editors for Production and Maintenance of Course §
Cocuments - An Editor like those described Tor Tesi items ang ;

CAT authoring could be used for producing course documents such
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as the POI, course charts, lessen outlines, etc. The documents

would then be available at any time through the Editors for

review or revision and copies could be printed out as needed.
RATING:

VII. INFORMATION RETRIEVAL AND REPORTS - In a computer-based training
system, large amounts of information about trainees, courses, course
materials, tests and test items, and other parts of the system are
stored, and are available for periodic (hourly, daily, weekly,
monthly....) analyses and reports. These functions are intended
principally for instructors, managers, and administrators. They can be
valuable to instructors who must provide management and guidance to
students. They also can be valuable in providing quality control over
students and materials, in improving the management and administration
of training, and in evaluating and improving all aspects of development
and implementation of training materials and proarams.

A. Reports for Instructors - Large amounts of data can be collected
ans made availabTe to instructors, but the reports should be
carefully structured to meet the needs of the instrustors. The
reports may include: classroom rosters, sumaries for specific
parts of the course, individual history reports, and s.ma=ies
for the classroon. RATING:

1. Learning Center or Classroom Rosters - Rosters can be dis-
played or priniec o show many different kinds uf ‘nfoma-
tion about 2ach of the students in a classroom or learning
center. The basic information would include social security
numbers, names, carrel (or position) numbers, absences,
current block, and rate of progress. RATING:

2. Individual Block Progress Reports - The computer system
can allow review of data by instructors, supervisors,
counselors, etc., via local terminals. Progress reports
can provide data for in-course counseling and can become
economical replacements for some of the current manually
prepared forms which accompany student records throughout
the course and, in some cases, beyond graduation. An
Individual Block Progress Report will summarize student
progress, times and scores, and other pertinent information.

RATING:

Information included in the block progress reports can
include some or all of the following:

a) lessons completed by the student: RATING:

b) numbers of attempts, and Sscores on each
attempt, on each lesson; RATING:
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¢) objectives failed during the block; RATING:

d) time spent on each lesson and on the
block: RATING:

e) amount of time student is ahead or behind
schedule; RATING:

f) amount of homework student has accomplished.
RATING:

Individual Student History Reports - The system can provide

a large amount of additional gata about an individual

student. This can include the student's scores on precourse

aptitude and interest measures, scores on critical entry

skill tests, time spent in block remediation following a

block failure, and absence times and reasons ;R; absence.
ING:

Information in the Individual Student History Report can
include some or all of the following:

a) attitude and interest information; RATING:
b) scores on critical entry skills; RATING:

c) time in block remediation following a block
failure; RATING:

d) lesson objectives that were failed more than
twice; RATING:

e) time absent in each block, and reasons for
absences. RATING:

Additional Reports on the Student -

a) Absence Report, to replace the manual absence
report, RATING: _
b) Homework Summary Report, to list lessons accomplished
as homework and to summarize homework time expended;
- RATING:

c) On-line display of student data - the capability to
call up and disrlay any of the available student
information. RATING:
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Training Management Reports - Reports such as these are intended

for use by managers (Shift Supervisors and above) in monitoring

training activities.

Potential reports include number of stu-

dents awaiting training and how long they have been waiting,
number of trainees in each block or each classroom on each base,
the distribution of completion times for blocks and the course
itself, differences in trainee performance between parallel
classrooms or bases, the extent to which instructional resources
such as carrels, equipment, and training devices are being
utilized, and summaries, by block or other unit, of trainee per-

formance.
1. Report on Students Awaiting Training; RATING:
2. Report of number of students currently in each block,
classroom, or on each base; RATING:
3. The distribution of completion times for individual
blocks; RATING:
4. The distribution of course completion times;
RATING:
5. Differences in student performance across parallel
learning centers, classrooms o: bdases; RATING:
6. Reports of instructional resource (facilities,
training devices, etc.) utilization; RATING:
7. Report of utilization and performance of
instructors. RATING:
8. Summary Reports of student completion times and

final grades, by block. RATING:

Course Evaluation Summary - Summarizes student performance on

individual lessons within blocks and on the block itself.

It is

intended for use in small-group tryouts of new materials and
monitoring student performance on established materials.
Course Evaluation Summary can contain a variety of features,
Tisted below. RATING:

1.
2.

First-attempt lesson and block~test scores. RATING:
Final lesson and block test scores. RATING:

Mean and standard deviation of first-attempt lesson
and black test scores. RATING:
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4. Mean and standard deviation of final lesson and
5 block test scores. RATING:
g 5. Mean and standard deviation of first-attempt lesson
: and block times, RATING: _
- 6. Mean and standard deviation of lesson and block
- completion times. RATING:
’ 7. Separate score and time data for alternative modules
within lessons. RATING:
8. Score data broken out by objective within lessons.
RATING:
§. First-attempt lesson failure rates. RATING:
10. First-attenpt objective failure rates, RATING:
11.

12,

Correlations shawing the relationship between

predicted and actual lesson and block times
and scores.

RATING:

Summarized data on lessons, modules and objectives

with first-attempt failure rates above a certain
percentage. RATING

DC
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n a variety of features, listed beluw.

Test [tem Evaluation Report - Provides detailed information on
the characteristics of block and lesson tests. It cou'd con-

RATING:

The number (or percentage) of trainees selecting each

alternative answer to test questions. RATING:

Percentage of trainces answering each question
correctly. RATING:

Average test score of trainees selecting each
alternative on each guestion.

RATING:
Flagging test questions missed by over 79 percent
or by none of the trafnees. RATING:
Item-remainder correlations for cach question.
RATING:

Means and standard devistions of scores for cach
objective and for each full test, RATING:
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7. Distribution of scores on the full test. RATING:

8. Alpha reliability coefficient for each objective
and for the full test, RATING:

9. Criterion-referenced reliability coefficients for
each objective and for the full test. RATING:

CAl1 Evaluation Data - Since CAl involves frequent interaction
with the student, very detailed evaluation data are available
from CAI programs. The most frequent use of this information
would be during formative evaiuation (small-group tryouts) of
the programs., A variety of capabilities are listed below.

1. Percentage of students selecting each alternative in
each question frame. RATING:

2. Percentage of studerts selecting each alternative
in each question frarme on their first try, their
second try, etc. RATING:

3. The means and standard deviations of the time to
respond to question frames and the time to read
text frames, RATING:

4. Lists of unanticipated responses to constructed
response questions, RATING:

[$2]

Lists of open-ended student counments about the CAl
progran. RATING:

6. Uetailed rccords of cach student's path through a

CAl program, RATING:
7. Summary statistics on major units of the program,

such as time to complete and cumulative score,

RATING:

Courseware Uevelgpment Management Reports - When Lditors are used
for developiny on-Tine tests, CA] materfals, or tests and
materials to be used off-line, the System can capture information
about authors' work on the bditors and the status of the
development effort. This information could then be sumariled
in management reports for monitoring materfals production,
review, revision, and implementation, The reports could include
information such as the person responsible tor developing,
reviewing, or rovising a lesson, how long they have heen work-
ing on it, how much of the work has been completed, and expected
completion date, RAYING:
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Parformance Forecast Reports - Provides field, OJT, or technica)
training personnel with training information which describes
current student performance levels or predicts how individual
Students will perform in specific training areas.RATING

1. Pre-Service Education and/or Vocational Training - available
individual data relevant to prior education or training.
RATING:

2. Pre-Service Occupational/Job Experience - data
which reflects prior relevant Job experience.
RATING:

3. Enlistment/Classification Data - data available in Af
personnel records (e.q., ASVAB scares, AFOQT or AFQT
scores). RATING:

4. In-Service Training Performance Data ~ for example, for
D or 0JT rmanagers, a report of individual student
technical training or in-service training performance
data (e.g., scores, times-to-complete). RATING:

5. AF Specialty-Related Deficiencies - for example, student
data on deficiencies in skills, experiences, or abilities
relevant to that particular individual's specialty.

RATING:

6.  idents' Predicted Adaptability, Performance and
Irogression in Operational Field Assignments - for example,
stuaents' in-service and pre-service data could be used to
provide reports of predicted field assignment adaptability,

performance and prcgression, RATING:

Special Purpose Repoarts ~ No matter how extensive, no set of
standard reports will always be enough to answer all manacement
and evaluation questions. It is useful, therefore, to have an
open-ended information retrieval capability that can be used to
answer unexpected questions about Student and System pertormance.
A minimal capability would permit the user to detfine the
vartables which he wishes to look at, and the ty'es of students
and time periods from which the data are to be deawn. The out-
put would consist of the number of cases found, and the mean,
standard deviation, and range ‘or cach included variable. Such
a program could be run interactively, in a minute or so, and the
results displayed on the user's screen or it couid be run as a
background job, in a half-hour or so, and the results printed
out,




1. Utility of basic Data Retrieval Program with wiay
background capability. RATING:

2. Utility of adding interactive (as well as back-
ground) capability. RATING:

3. The basic data retrieval program could also be inter-
faced to one of the standard packages of statistical
programs (for exariple, SPSS, ov BMD). This would permit
extensive analysis of student data and the capability

t to answer just about any question that could be asked

! about the data collected in the system, Sonte training

; is, however, required to use these statistical packages.

i RATING:

-
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APPENDIX B
INTRODUCTION TO SURVEY FORM AND EXPLANATION OF RATING SCALE
OPERATIONAL COMPUTER-BASED TRAINING SYSTEM REQUIREMENTS

A highly sophisticated, prototype computer-based training system has
been developed and irmplemented at Lowry AFB. This Advanced Instructional
System, or AIS, represents the state-of-the-art in both instructional
and computer technology, and has contributed to training time savings
of 30% or more in a variety of technical training areas. As a protatype
system, however, the AIS provides functions and capabilities that may
not be nacessary in the operational training environment, To realize
the full potential of computer-based systems for Air Force training, we
want to find out what functions or capabilities will have the highest
payoff for operational training,

You have been selected to participate in this survey to Jdetermine
what functions are most valuable in your trainin¢ area. VYour assistance
in carefully analyzing the value of various computer-based functions is
extremely inportant. Your ratings, along with the ratings of the other
participants, will be used in defining a low-cost computer-manaqed and
corputer-assisted instructicn {CMI/CAI) systew for Air Force training,

The followina pages describe the many functions that a conmputer
could perform in a training system. Please read the description of a

function, an¢ then carefully consider what that function could accomplish

in your par*icular area of training. The question you are to answer,
for each function, is:

"HOW MUCH IS THIS FUNCTION WORTH TO MY AREA OF AIR FORCE TRAINING?"
Payoff potential can cone from any of the following:

© Reduced training tine, students get through faster,
® Reduced administrative load on instructors; |
0 getir use of training resources;

0 Improved quality control aver students or materials,
0 Improved management/administration of training; and

0 Improved materials development process, resulting in better in-
structional materials and reduced development time.

On the following pages, there are eight brief general descriptions
of various areas in which the computer could provide training support,

Under each ot the qoneral area descriptions, specific arcas of
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computer-based training functions are described. You are asked to con-
sider how mucin each of these might be worth to Air Force training in
your particular area, and to assign a rating of:

1 = Very high payoff potential;
2 = High payoff potential;

3 = Moderate payoff potential;
4 = Small payoff potential;

5 = No payoff potential; and

X = No opinion - this function's effects would be outside uny area,
and I cannot estimate its payoff potential.

[f there are functions or features that should be in¢cluded in a
computer-based training system for your area of Air Force training, and
that are not listed, please describe these on the last page of this
packet.

If you are involved in resident training, then assume that your area
of training would be self-paced before the computer-based training system
is introduced. This is important, because many of the computer functions
could be quite valuable in self-paced training but of little value in
conventional lockstep instruction. Remember, as you assign ratings, that
you are to consid2r the payoff of each function in self-paced training.

If you have any questions, please ask the representative conducting
this survey.
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APPENDIX G

LANGUAGE FEATURES REQUIRED BY THE CAI/CMI FUNCTIONS

Language features were determined by examining the necessary
CAI/CMI functional capabilities from Appendix C and determining a
set of suggested features for accomplishing those capabilities.
The numbers in the "FUNCTIONS" column refer to the Appendix C

listing of CAI and CMI functions.

The numbers in the "LANGUAGE

FEATURES" column refer to the listing of features in Section

5.2.3 of this report.
FUNCTIONS

LANGUAGE FEATURES

Al

VA-VC2, VIC3, VIF

IA-1VB4, VIAY-VIC, VIF,
VIIA1-VIIAAC, VIIB6-VIIB7

18-186, VA-VIF, VIIA4C,
VIID-VIIEY

IA-111C6, VIIA1-VIiA4B,
VIIB1-vIIB7

18-186, VA-VIIA, VIIAA4C,
v1iB3-vIIB5, VIIBS8,
VIID-VIID9, VIIH1-VIIH3

VA-VC2, VIC3-VIE6

VIC4-VIIA2A, VIIB1-VIIBS,
VIIF-VIIH3

VIE]-VIE4

1, 2, 4,5,6,7, 8, 10,1
12, 13, 14, 15, 17, 20, 21
22

3

9

16

18

19, 23

24

25
26

(Pages 124, 125, and 126 intentlonally left blank.)
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1.0 SCoPL

This specification establishes th: requirements fcor an operationally
configured, low cost, computer-manayged instruction {CMI)/ccuputer-
assisted instruction (CAI) system. The specification includes those CMI
and CAl functions identified as having potential payoif from an oper-
ational viewpoint, and excludes “"nice to have" or "rich" capahilities for
support of research and development (RA&D) and other non-operational
functions.

The system shall be a dedicated local system, rather than a large
central systen serving more than one Technical Traininyg Center (TTC) or
a system made up of several stand-alone mini-Systems, A modular approach
to expansion shall be incurporated into the desiyn, to facilitate such
trade-offs as fewer on-line students in exchange for heavier CAl usaqe,
and to acconmoadate increasing memory or mass starage in order to handle
increased loads.

The systenm, including the on-line CMI/CATl data base, shall be sired
to provide operational CMI/CAl support for at least five hundred (500)
students per shift for two shitts, Further design assumptions are:
these students are distributed equally across five (5) different courses;
each student averages five (5) CMl transactions per shift; not more
than 10. of the students will use CAl at any one tine: up to nine (9)
administrators (instructors or supervisory personnel) can be on-line
simultaneously; and batch processing is accomplished vif-shift (i.e.,
during periods of low or no student CAI/CMI load), except for cssential
recovery of lessons which are stored off-line. The hardware system shall
be adequate to provide the functions described in Section 3.0 of this
specification while meeting the constraints and assumptions described
above.
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2.0 APPLICABLE DOCUMENTS

The following documents, of the issue in effect on the date cf
invitation for bids or request for proposals, forw a part of this specifi- :
cation to the extent specified herein. Any reference to the following !
documents, by basic number only, in other paragraphs herein shall be :
deeimed to apply to the issue current at the time of issuance. In the
event of conflict between the documents referenced here and other detail

content of Sections 3.0 and 4.0, the detailed requirements of Sections
3.0 and 4.0 shall be applicable,

2.1 GOVERNMENT DOCUMENTS

S TR T T IR TR

HILITARY SPECIFICATIONS

MIL-t1-46855 Human Engineering Requirements For Military Systems,
Equipment and Facilities

MIL-£-60510 Electromagnetic Compatibility Requirements, Systems

NIL-Q-9585A Quality Trogram Requirements

MIL-T-23991 Training Devices, Military: General Specification
For

NILITARY STANDARDS

MIL-STD-785A Reliability Program For Svstems and Lquipment
Development and Production

MIL-STD-130 Identification Marking of U.S. Military Property

MIL-STD-1438 Standards and Specifigations, (Order of Precedence
For The Selection of

MIL-STD-470 Maintainability Program Requirements (For Systems
and Equipments

MIL-STD-490 Specification Practices
MIL-STD-082 System Safety Program for Systems and Associated
Equipment: Requirenents for

MIL-STD-1472A Human Enginecring Design Criteria for Military

Systems, Eguipment, and Facilities



3.0 FUNCTIONAL REQUIREMENTS

This Section describes the functional requirements for the low cost
CMI/CAI system.

3.1 STUDENT TESTING AND EVALUATION

The system shall read students' test forms, score tests, provide
each student with feedback on test results, and record the results in an
on-line data base. The test results shall be made available in printed
reports for evaluation anc quality control purposes. The system shall
support at Teast the folluwing types of tests: aptitude tests, lesson
and block tests, performance checks, and attitude measures. The types
of allowable questions shall include at least true-false, multiple
choice, and scalar.

The system shall include on-line and off-line testing. The on-line
testing shall be supported by interactive terminals. O0ff-line testing
shall be supported by management devices, which shall include optical
mark readers, badge readers, off-line response devices, or other
appropriate devices to acquire input from students and instructors;
printers to produce hard copies of student status reports*; and other
devices as appropriate.

3.1.1 Test Scoring and reedback Capabilities

The system shall score those tests for which test keys have
. been entered into the data base (see Section 3.6). The results from tests
t shall be available in printed format for both the student and instructor.
i '€ the test is a pass/fail test, training managers shall be able to specify
the pass/fail criteria. The criteria shall include at least the following:

O Answers can be scored either right or wrong, and a designated
percent correct can be required to pass the test.

° Objectives can be defined within the test and a subset of the
test questions can be identified as relating to each specified
objective. It shall be possible to use a question for more than
one objective.

Y Y ST

0 Any objective can be designated as a critical objective and the
test will be failed if the objective is failed.

® A subset of objectives can be defined, with a minimum number of
objectives from the subset required to be passed in order to pass

* A status report shall be printed as part of each student CMI trans-
action. Each status report shall include appropriate feedback
to the student on the lesson or other assignment just completed,
and shall inciude appropriate direction as to the student's next
action--lesson assignment, test assignment, etc.




: ' the test. For example, five objectives on a ten-objective test
can be specified as a subset, and the system can require that
three or more of these objectives must be passed or the test will

be failed.
F Test keys and other inforsiation required to score tests shall be
' entered at an interactive terminal.

The system shall score performance checklists completed by instruc-
tors. Instructors shall be able to certify that a student has either
passed or failed any of the tests, including performance checks, from an
interactive terminal or by entering appropriate information via a manage-
rent device.

a

3.1.2 On-Line Testing Capabilities

The system shall provide the capability for on-line testing
via an interactive computer terminal, For on-line testing, the order-of
questions and the sequence of alternate answers for each question can be
scrambled automatically for each test administration. The order of the
alternatives shall be either fixed or random as specified by the author*,
The author shall be able to make the extent of testing dependent on the
student's responses to earlier questions in the test. A hard copy of tke
results of on-line tests shall be available from a manaqement device dn
request. Resronses to on-line student test inputs shall be in a real !
time mode. The tiume lapse from transmission of student input to start .
of displaying feedback shall not exceed three (3) seconds in more than b
10% of the cases. The time lapse from beginning to completion of the
response shall not everage greater than twelve ?12) seconds. 1

3.1.3 Determination of Pre-Course Student Characteristics

The system shall provide for storage and retrieval of student
characteristics data collected bofore or at the teainning of training. 1t
shall be possible to use the student characteristics data in examining
eliminations as a function of aptitude anc of years and types of pre-
service schooling, and in predicting individual rates of progross toward
course completion. The individuai characteristics information shall be
stored in the on-line CHI data base and shali be available to the CMI]
systemw as long as the individual is enrolled in the course.

The systeri shall be capable of storing and retrieving the following
pre-course data for all students enrclled in courses operating with this
syscem:

*NOTF: Within the context of this specification, "author" i< used
as a generic term to describe Air Force personnel--super- :
visors, managers, administrators, instructors--involved with
operating this system and, in particular, with entering data
into the svsten.
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Relevant Air Force personnel ddata (e.q., ASVAG or AFQT scores,
and such biographical data as previous service training and duty
assignrents);

knowledge of ihe course material based on c¢riterion referencoed
pre-tests o1 other pre-course measures of knowledge/proficiency
on training objectives;

Learning prccess skills (ability, attitude, or interest measures
such as reading comprehension and study habits); and
Course-specific critical entry skills (aptitudes, atilities, and
interests that are specifically related to success in a particular
training specialty, such as mathematical ability or interest In
the career fizld).

3.1.4 Determination of Within-Course Student Attlitudes and
Interests

The system shall make provision fer tests to measure the
attitudes and interests of students. Pre-course, within-course, and post-
caurse tests of attitudes and interests shall he accomnodated, The
results of the tests shall be stored in the on-line CM[ Jata base for
use in determining training assignments, evaluating instructional
materials end procedures, predicting completion times and rates of pro-
gress, and predicting performance, as specified by training managers.

3.2 STUDENT ASSIGNMENT

The system shall assign students individually to lessons, tests. and
other instructional alternatives. The system shall be structured to
allow the training manager to specifv what combination of Jata on lewson
characteristics, resource availability, studen?! characteristics, and
student pertformance will b2 used in determininoe the assignments of
individual students to training alternatives,

A student shall receive the next individual assigmment inmediately
after completing the preceding lesson. Training resources shall be
scheduled by the computer systen to atitempt to maxitize throuchput. The
computer shall track student progress throudh the lessons and alternatives
in the various course versions, The systen shall provide reports that can,
as desired, replace manual tracking of student progress by instructors.

3.2.1 Assignment to Alternative Course Versions

The system shall support course versions which differ as to
content (e.g., for different shredouts of a specialty, or for testing and
implementing new training materials), A student enrolled in a particular
course version shall be assigned only the trainina materials for that
version, The form or procedure used to register a student in . course
shall provide for identifyina the student's course and version,
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3.2.2 Determination of the Order of Assignments

gl b

The system shall have the capability to determine and assign
the next lesson alternative for an individual student in all modes
except block remediation. The instructor shall not be required to )
manually track student progress, or to determine assignments to train- P
ing alternatives, and shall have capability to perform manual override z
of any assignment. Based on data in the CMI/CAl data base and subject :
to options selected by authors or data base managers, the system shall
be capable of using at least the following information in determining
a trainee's next assignment:

0
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.

The assignments completed by the trainee to date;

° The performance of the trainee on previous assignments (times and

test results on previous assignments);

WA g e

The availability of the rescurces required for existing and
allowable lesson alternatives; and

The current distribution of students, the numbers of students
required for any team tasks, and how best to assemble teams of
trainees for team tasks.

LT TS T

3.2.3 Assignment to Alternatives Within Lessons

The system shall make individual student assignments to

] alternatives within a lesson., These can include alternate media (e.q.,
printed vs. audic-visual) or different instructional approaches (e.q.,
easy vs, difficult). The assignments can be based on at least the
following considerations:

ML A A Y

° Availapility of the particular media or lesson;

»

el e -

b

 prior test scores, times-to-complete, or other within-course data;

Y The student's pre-course characteristics (e.g., general aptitudes,
abilities, attitudes, interests, or other pre-course data);

R N

© Simpie "if...then" logical rules which may be used to select ‘
alternatives; and i

0 Predicted student performance. : ¥

s

Student characteristics and past performance can be used to predict
student performance. The student shall be assigned to the media or
lesson predicted to result in the best student performance. The system
shall acconmodate at least two assignment rules for each iesson--best
predicted time and best predicted score--which can be specified at the
lesson level by an author. [f the score rule is selected, the student

L
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shall be assigned to the treatment with the highest predicted score.

If the time rule is used, the system shall assign *he student to the
treatment with the shortest predicted time. If the time rule is
specified and the student is predicted to Tail all of the treatments,
the system will use the score rule. These rules will be used only for

a student's first attempt on a lesson. Subsequent assignments shall

be made using remediation rules (Section 3.2.4). Additionally, resource
availability and system throughput constraints shall override the time
and the score rules,

The system shall support random assignient of a specifiable per-
centage of the students to the treatments within a lesson., 1f 157
random assignment i specified, then a randomly selected 15! of the
students shall be assigned randomly to the available instructiona)
alternatives for that lesson. The random assignment function will be
used in collecting data to establish assignrent ruiles and to verify
the effectiveness of such rules.

3.2.4 Assignment to Alternative Remediation Activities

The system shall make assignments to the available alternate
remediation materials and media. At least three categories of
remediation shall be supported:

O {esson Remediation - The system shall support alternatives for
use in remediation only. The system shall assign a student to
the "best" available remediation alternative for second and sub-
sequent lesson attempts, with "best" defined to be the one
alternative chosen from available alternatives based on the con-
siderations listed in Section 3.2.3.

Lesson Group Remediation - The system shall assign the best
available remediation alternatives within a related group of
lessons,

Block or Course Level Remediation - The system shall assign the
best available remediation alternatives for the objectives that
the student is having difficulty mastering within the block or
course,

The alternate remedial selections shall be accomplished by the
computer. It shall be possible for instructors to override system
decizcions via management devices and from interactive terminals.

3.2.5 Test Selection and Assignment
The system shall provide the capability of assigning students
to tests. For each student at each testing point, the sysiem shall

assian an on-line (CAI) or an off-line (paper and pencil or performance)
test, as available and appropriate. If more than one version of a test
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is available, the alternates shall be assigned randomly. Any versions
already attempted by the student shall be excluded on subsequent
attempts, Capability shall be provided for manual override of any test
assignment by an instructor. On-line programs shall provide the
necessary data entry capabilities for implementing this function.

3.2.6 Assignment to Supplementary Skill Training at Course Entry

The system shall be capable of identifying those students
with deficiencies in critical entry skills or in learning skill areas
and of assigning students to supplementary or remedial skill training.
The system shall identify such students based on ¢ritiera established
by course managers for performance on aptitude, ability, interest, or
other precourse or within course measures. Supplementary/remedial train-
ing lessons shall subsequently be assigned to students in accordance
with hierarchy and resource availability constraints established in the
CMI/CAI data base by course managers,

3.2.7 Additional Resaurce Management Considerations

Based on information entered into the CAI/CM] data base, the
systen shall track which resources are required for each Yesson, if they
are available, and where they are located. Managed resources can include
classroom spaces, lesson materials, media devices, work stations,
simulators, and other training equipment. The system shall be able to
assign and direct students to training resources outside of their assianed
learning centers, to aliow effective sharing of resources by students
in several learning centers.

The system shall assign students in a manner that will (1) tend to
distribute students evenly throughout the course, (2) attempt to keep
as many assignment options as possible open fcr the students, and (3)
make efficient use of available resources. Studerts shall be assiyned
to the learning centers with the hiqhest percentages of available space,
and shall be assigned to blocks in such a manner as to optimize the
distrihution of Students across learning centers. In the process, the
system shall consider team :ssembly, desired loadings within blocks, and
the capacities of learning centers. These considerations shall not,
however, override the hierarchical constraints or priority gqiven to
each block.

The computer systeim shall base the above management decicions on date
entered into the on-line data base. Once a course version is operative,
training management personinel shall be required to enter only course
changes as they occur. These include changes in the course structure
(e.g., lessons added or removed, or the prerequisite order of assign-
ment changed), and resource availability (e.y., new equipment added,
and equipment removed, 1noperative or in tainienante}, The changes shall
be entered using on-line programs and shall take effect when entered.
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3.3 STUIENT PROGRESS MANAGEMINT

The system snall subport management of a trainee's projgress through
a self-paced individualized training course.  These capabilities shall
range from lesson scheduling to proyress prediction and management.
Bothh the student and the instructor can be informed, at any tine, as to
the studant's progress--ahead of, behind, or on schedule,

3.3.1 Scheduling Student Entries Inta The Course

At the end of each training day, the systen shall identify
the number of vacancies in each course operating under the system. This
informagtion will ailow the student squadron or cther aduiinistrative
authority to effectivelys plan and program courte entries and minimize
student delay awaiting traininqg.

3.3.2 Grzduation Forccasting

The syatem shall, as pary of the student monitoring and
nanagerent process (Section 3.3.3), predict the date on which a student
will complete the course, Learning center rosters shall be avarlabla
on requast, and shall identify <tudents and their predicted graduvation
dates during the date/time interval specified in the training manager's
regquest. “The roiters shall be available in printed form, and for uisplay
at an interactive terminal. The average rasponse time, from Submission
of a request to completing printout of a roster, shall not exceed 1wo
(2) seconds per student. The system shall also, on request, yenerate
graduation reports for the local training center personnel office,
These reports shall be generated un the central site line printer,

The system shall be configured tv facilitate interface directly with
the training center personnel management computer systom.  To implement
this function, the Air Force will specify the format of the data and
the mediun in which the training center personnel cormuter will receive
the required information. Any required changes to the training center
personnel computer software will be accomplished by Air Force perscnnel,

3.3.3 Monitoring and Manageuent of Student Progress to a Target

The systet shall deternmine a tarvet progress rate for each
student. The rate for a student shall be used to generate a targeted
tine for completion of the course and vor completion of individual
vlocks. The target progre;s rate for a student shall be based on pre-
ceurse data und on evailable within-course perforimance data. The targets
<hall te relative to a-erage completion times for blocks and course. A
student's target completion date shall be cdlculatied based on the target
progress rate, expected shift length, predicted days the student will
be in class, the student's -erformance record, and the percentage of the
course remaining, Each student shall have access to his/her target time
to complete for each block. Both the student and the instructor shall
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receive feedback on the student's actual progress rate relative to
targeted progress rate. The student shall be given information, on
the first status report of each training day, that will let the stuaent
determine how actual progress to date compares with predicted progress.

3.4 SUPPORT FOR GUIDANCE AND COUNSELING

The system shall provide computer generated reports to support
student guidance and counseling by instructors and course management
personnel. If the necessary tests are included in the pre-course
ascessment, the reports shall identify entry skill deficiencies as well
as deficiencies in within-course performance. The instructors will
determine which students are to receive counseling, and can retrieve
from the computer both the background characteristics and within-course
performance infurmation needed to support their guidance and counseling
activities. ‘

3.4.1 ldentification of Students Needing Special Attention at
Course Entry

The system shall identify students predicted to be proficient
or deficient with respect to mastery of course or training objectives
specified by course personnel., This identification and reporting is
initiated at the beginning of the training process to focus instructor/
management attention toward students most in need of special training
prucedures, guidance, and counseling.

The identification process shall produce cowputer generated lists
of those students measured as being either proficient or deficient on
the basis of their pre-course assessments. This initial listing shall
report, by student, individual scores on the pre-course critical entry
skill variables (e.y., reading, math, or study skills). A second
report shall provide individual scores for all students on those
variables identified as critical entry skills, and shall also flag
deficient students and their related sceres. These reports shall be
available for display at the interactive terminals.

3.4.2 Identitication of Marginal Student Perforumance

The system shall produce reports identifying and reporting
students predicted to have difficulty mastering further training
objectives based on recorded within-course performance. The reports
shall be available on denand and utilized to direct timely remedial/
counseling assistance to students most in nced. The system shall be
capable of assigning those students identified as marginal to
specialized remedial training (e.q.. to special instructor tutorials,
remediation sessions, or special-skill training for correcting learning
or study skill weaknesses).

The system-venerated reports shall include a 1ist of these students
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not meeting predetermined Yimits of satisfactory predicted progress
rates, or scoring below the training manager's criterion levels for
training objectives. They shall include actual tiwme and score data.
The students below the course-established minimuns for acceptable per-
formance will he flagged as possible candidates for ¢limination or
other established administrative action.

3.5 COMPUTER-AIDED INSTRUCTION (CAl)

! Lesson materials can be entered into, stored in, and retrieved andd
delivered by the conputer system. When assigned by the systew and
requested by the student, they can be displayed at an interactive terminal,
The lesson materials can include text, questions, gqraphics, and special

. purpose proyrams, Student interactions can range from a siymple "turning

} the pages" type of program through very sophisticated interactive

: exchanges via special purpose programs. Student interactions are

N principally via a terminal keyboard and, it appropriate, via a touch

panel, Yight pen, or other device,

3.5.1 CAl Applications

1 The CAl provided by this sysStem shall support at least the
following five CAl functions for use in Air Force resident technical

E training: )

! © Dril) and Practice, with correction and guidance, of basic skills

and knowledges learned via other media;
Tutorial--use of CAI for lessons which are particulariy difficult;

imulation--use of svecial purpose programs to simulate equipment
operation or maintenance processes;

Review and Remediation--use af CAl to quickly review the content
of a block prior to a block test or to remediate failed objectives
following a block test failure; and

° Study Skills--use of CAl to teach specific study skills to students
who are deficient in these areas.

3.5.2 CAI Capabilities

A CAl lesson shall consist of a serics of frames, or equiv-
alent means of storing and presenting information. The system shall
support at least the following types of frames, or their equivalents:
text frames that can contain at least 4 pages of information (a page can
contain at least 21 lines); question frames; and documentation frames
which the student cannot access. The documentation frames are reserved
for course authors to record development status data. The system snall
provide for at least 100 objectives per lesson and 100 frames per
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objective,

The system shall support CAl lessons of varying levels of sophis-
tication. The basic CAl lesson will consist of text presentation, and
will allow response to multiple-choice and true-false questions via a
typewriter-like keyboard, The system shal) be able to provide feedback
messages specific to the individual student's responses and number of f
attempts on the current objective. The system shall also allow branching
to any available frame addressing the current objective, or to the first
frame of any other objective within the lesson. The lesson progression i
shall be adaptable to the student's responses. The branching selection
shall allow branchina to any available frame addressing the current
objective or to the first frame of any other objective within the lesson.
The lesson progression shall be adaptable to the student's responses.

The branching selection shall be based on the student's prior responses/
performance within the lesson,

For more sophisticated CAI lessons, the system shall support
graphics presentations, color displays, student entry of constructed
responses (open-ended English answers), control of suvplementary slide
or filmstrip presentations, control of audio tapes, and adavtations
based on the CMI on-line data base (e.q., ASVAB or AFQT scores, pre-
course assessments, and within-course performance data). The system
shall support the audio tdape player and the projector via an external
computer-controlled jack on the interactive terminal. To facilitate
student interactions in these CAI lessons, the system shall subport the
usual keyboard inputs and shall also support an additional device such
as a light pen or touch panel. To facilitate preparation of graphic
displays, the system shall support a digitizing tablet or equivalent
device,

The system shall have the capacity for on-line mass storage of a
winimum of 150 lessons, available for immediate access. The lessons
are assumed to average three objectives per lesson, 60 frames (or
equivalent) per objective, 2 pages per frame, and 15 lines per page
(averaqe line length, 60 characters). Lessons in daily use shall be
available on the svetem at all times, with no more than a ten (10) second
delay in initiating student access. When a student has indicated com-
pletion ¢f a frame, the average time for the system to determine and
initiate the next Jisplay shall not exceed three (3) seconds. The
average time to complete the display shall not exceed twelve (17)
seconds.

Inactive lessons which are stored off-line shall be recoverable for
normal on-line accessibility not later than the start of the next training
day following the request for restoration.

3.5.3 On-line Learning Process/Specialized Shill Training

The CAl system shall support presentation, to either students
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or instructors, of svecialized training in interactive formats. This
training mav include, for example, materials desianed to teach study
habits and skills, test taking skills, and memorization skills to
students, or to teach diagnostic, tutorial, authoring or counseling
skills to instructors,

3.6 CMI DATA BASE AND CAI MATERIALS PRODUCTION AND MATNTENANCL

To effectively perform CAI/CMI traininag functions, the system
must be informed as to the trainees (name, social security number,
course, etc.), the course structure (tests, lessons, resources, allow-
able sequences of lessons, eotc.), and student performance (lessons
completed, test scares within the current hlock, bloch completion times,
etc.). In the case of CAl, all of the lesson information (text,
questions, graphics, branching instructions, et¢.) nwst be stored with-
in the computer system.  The following paragraphs describe the
requirements for entering, storing, and maintaining these types of
infornation,

3.6.1  CHL Course bDetinition Data Base

The system shall provide the capabilities which will allow
training managers to enter the course structurc into the system.  The
program(s) shall run on-line--i.e., a3 training manager shall be able to
use an interactive tercinai to dirvectly enter, store, display, and change
course related information. To facilitate use, the on-line system shell
use graphics to display the course structure (i.c., the allowable paths
throuah the lesson materials), and there shall be an on-line capability
to access each file in the CAI/CMI data base. Additionally. it shall not
be necessary for authors to be familiar with any programming lanquage
in order to use theso capabilities effectively.

3.6.2 Automatic Validation of Coursc Data Base Integrity

Before a new course or course version is implermented,
necessary information/description relative to all of the blocks, lessons,
courseware, and tests in the course must be entered into the data base.
The system shall include one or more computer programs for Jdetermining
if all required data base records defining the course are present and
consistent. The program(s) shall be designed to facilitate use by
authors and shall not require knowledge of a proyramming lanquage. To
the greatest extent possible, the program(s) shall update the on-line
data base, if this capability is enabled by the training manager. The
program(s) shall run in not more than fiftcen (15) minutes in validating
the data base for a course.

3.6.3 Production of On-Line Tests

The CAl system shall include the cavability for on-line test-
ing. This shall be implemented via an on-line test item editor, or
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: equivalent capability, for entering test questions, their alternatives,

- and the necessary control information. This capability shall allow the
author to enter test items by typing text at an interactive terminal,
and shall also format the questions fcr the author and allow the author
to decide whether or not to (a) randomize the presentation order of
the test items and the alternatives within test items, (b) control the
number of attempts the student can make on each item, and (c) enter
student feedback messages to follow either correct or incorrect answers,

3.6.4 CAl Authoring

B e

The system shall provide an on-line CAl authoring editor, or
equivalent capabifity, which shall assist in structurina the authoring
tasks. This cavability shall provide standardized formats for text and
question frames, and shall provide the capability to copy or share text
frames, questions, and graphics between Vessons. A users manual shall
be provided for the CAl production process. Additional instruction shall
be displayable during the authoring process vis a HELP reawuest., The
HELP information shall include operating instructions for the program,
plus quidelines for preferred instructional practices. This capability
shall be simple enough that an author without prior programming
experience can learn to use it in not more than two weeks. An author
shall have access to any frame in any lesson that is allowable within
system security constraints, Students shall not pe able to access

: ‘ lessons in the author mnde. Additionally, the proaram(s) shall provide
; capability to readily change any of the course materials <iaored in the
: on-line data base.

Ehe S & Ll ol H
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f ' 3.6.5 Production of Off-Line Materials

E - [t shall be possible to use the system in producing tests

; and instructional materials which are intended for use off-line (e.y.,
progranmed texts). Programs shall be designed for use in writing,
reviewing, and revising the tests and instructional materials and for
printing the final product in a format ready for reproduction. It shall
be possible to print a limited nunber of copies in order to facilitate
early reviews and small group tryouts. This systew capability shall
also facilitate conducting small group tryouts on-line, and shall be
useable for acauirina information on the students' reactions ¢o in-
structional matevials.

[ g
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' 3.6.6. Production and Maintenance of Course Documents {
- An interactive capability similar to that provided for test ?
* items and CAl authoring shall be provided for developina, storing, main- é
- taining, and retrieving course documentation such as Plans Of Instruction Z
: (POIs), course charts, and lesson outlines. These documents shall be E
£ available at any tiwe for rcview or revicion, and limited nunbers of g
:‘ T

coples can be printed as needed.
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3.7 [TUFORMATION RETRIEVAL AND REPORTS

Information relative to the trainees, courses, course materials,
tests, test items, and other components of the system shall be stored,
and available for periodic (hourly, daily, weekly, wonthly...) analyses
and reports. These functions are intended principally to support in-
structors, managers, and administrators. They can be valuable to in-
structors involved with course management and student quidance., The:
can also he valuabie ir providing an effective quality control mechanism
for irorovinag the management and administration of training, and
evaivaving and improving the process of training praaram develonment and
implementation. A repcrt requested at a terminal shall be nrovided to
the reauester only if security requirements for access to the requested
information are sc Jed,

3.7.1 Reports for Instructers

Data shall be collected, stored, and made available in
reports structured tc meet instructor needs. The reports shall include
but not necessarily be limited to the following: student rosters,
individual block progress reports, individual biographical reports, and
absence summaries for learning centers. They shall be available via
either the interactive te~ 1nals or in printed form, The instructor
shall also have access the terminals tou all other student data nnt

included in the above .. ..1ne reports, but subject to established security
constraints.

2.7.1.1 Learning Center or Classroom Rosters. The systen
shall provide, on request, via either an interactive terminal or in
printed form, at least four tyves of rosters: resource, assicnuent, time
management, and homework. The rosters shall include social security
numbers and names for the students included on the list. The resource
roster will list those students in the learning center wha have resources
assianed to them, the types of resources, and the learning centers to
which the resources are assigned. The assignment roster will list the
current training activity assignment for each student by learning center,
The time management roster will include carrel (or position) number,
absence status, current block, and rate of progress for individual students
by learning center. The homework roster will identify the amount of the
course completed to date and the proportinon completed through voluntary
homework for individual students by learning center. After the terminal
has transmitted a roster request to the central site computer, the
average processing time per student shall not exceed one (1) second.

3.7.1.2 Inaividual Black Progress Reports. The indivicdual
block progress report will summarize student progress for the block

specificd., The information in the biock progress report shail include
at least the following:

© )essons completed in the block;
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© Numbers of attempts, and scores on each attempt, for each lesson
and test;

° Objectives failed on each test; and
° Time spent on each attempt and total time spent in the block.

3.7.1.3 Individual Student History Reports. The individual
student history report will include the student's scores on pre-course
aptitude and interest measures, scores on any critical entry skill tests,
time spent in remediation following a block failure, and any lesson
objectives that were failed more than twice.

3.7.1.4 Absence Summary. The absence sunmary shall be a
block-by-block sumiary of the absences reported to the system and shall
be capable of replacing manual absentee reporting. It shall indicate
when the student was reported absent, when the student returned, how
long the absences lasted, and the reasons for the absences,

3.7.1.5 On-Line Display of Student Data. Capabilities shall
be provided for retriaval and display of available student information in
response to requests which meet security reguirements.

3.7.2 Training Management Reports

The following informatier.,, intended for use by training
managers (shift supervisors and a% ,ve), shall be provided in the form
of standard reports available on request to authorized users:

0 Students awaiting training, by course;

O Numbers of students in training by course, learning center, and
Technical Training Center;

© Distributions of completion times for individual blocks;
O Distributions of course completion times;

O Differences in student performance between parailel learning
centers* or Technical Training Centers;

© Instructional resource (e.g., facilities and training devices)
utilization;

© Utilization and qualifications of instructors;

*

Learning centers are "parallel" if the same course content is

taught in the centers, and are not parallel if the centers teach
different content,
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0 Sunmary reports of student completion times and final grades, by
block and course; and

N Summary reports of disenroilment and elimination data,
3.7.3 Course Evaluation Summary
The system shall include a Course Evaluation Suiwmary (CES)

which sumarizes student performance on individual lessons within blocks
and for entire blocks. It is intended for use in monitoring and
evaluating small-group tryouts of new materials as well as student per-
formance on established materials. The CES shall contain at least the
following i1tems of information:

0 First-attempt lesson and block test socres;

© Final lesson and block test scores;

© Means and standard deviations of first-attempt lesson and block
test scores;

o Means and standard deviations of final lesson and block test
SCOVeS

© Means and standard deviations of first-attempt lesson and block
times;

© Means and standard deviations of lesson and block completion
times;

0 Separate score and time data for alternative modules within
lessons;

O Score data by objective within lessans;
® First-attempt lesson failure rates:
0 First-attempt objective failure rates:

© Correlations indicating the relationship between predicted and
actual lesson and block times and scores: and

O summarized data on lessons, modules and objectives with first-
attempt failure rates above a specifiable percentaye.

The CE3 shall be a batch mode report. An on-lipe program shall be

provided, however, for submitting requests for the CLS for off-shift
processing,
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3.7.4 Test Item Evaluation Report
The system shall provide a Test Item Evaluation (TIE) report
that provides detailed information on the characteristics of block and
lesson tests. The TIE is intended to support evaluations of test

reliability and validity. The TIE shall include at least the following
items of information:

® The nunbers (or percentages) of students selecting each alternative

answer to test questions;
Percentages of students answering questions correctly;
Average test score of students answering each question correctly;

Flagging test questions missed by over 70 percent or by none of
the students;

Item-remainder correlations for each question;

Heans and standard deviations of scores for each objective and for
each full test;

Distribution of scores on the full test;

Alpha reliability coefficients for each objective and for the
full test; and

Criterion-referenced reliability coefficients for each objective
and for the full test.

The TIE shall be a batch mcde report. An on-line program shall be
provided to submit the report requests for off-shift processing.

3.7.5 CAI Cvaluation Data
Detailed quality control and evaluation data shall be
collected by the CAl system. This information shall include at least
the following items:

0 Percentages of students selecting each alternative on each
question, by attempt number (first attempt, second attempt, etc.):

° The means and standard deviations of times to respond to questions
and times to read text passages;

© Lists of unanticipated responses to constructed response
questions;.

© Lists of open-ended student comments regarding the CAl lessons,
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© petailed records of students' paths through CAI lessons; and

° Sunmary statistics on major units of CAl lessons, such as times
to compiete and cumulative scores.

This information fron CAI lessons shall be available to authorized
requesters in batch mode reports, An on-line program shall be provided
to submit requests for off-shift processing of thes¢ reports.

3.7.6 Course Development Management Reports

The program or programs provided for use in developing on-
line and off-1ine tests and materials shall also capture and store in-
formation regarding an author's work using the editors, and the status
of the associated course material development effort, This information
shall be summarized in management renorts for monitoring courseware
development, production, review, revision, and implementation. The
reports shall include such information as identification of the author
responsible for developing, reviewing or revising a lesson, how much time
has been expended on a particular task, how much of the task has been
completed, and the expected (i.e., scheduled) completion date.

3.7.7 Performance Forecast Reporting

The system shall include a report which describes a student's
performance levels in completed technical training. This information
is intended principally for a student's supervisor in a post-training
duty assignment, and for Field Training Detachment (FTD) or On-the-Job-
Training (0JT) managers who need reports of individual student perfor-

mances (e.g., scores and times to complete) in resident technical train-
ing or other in-service training,

3.7.8 Special Purpose Reports

Because standard reports will not always satisfy all wmanage-
ment and administration requirements, the system shall include an open-
ended information retrieval system that can be used to answer ad hoc
queries regarding students, materials, and training effectiveness. The
user shall be able to specify the variables which he wishes to examine,
e.g., types of students or courses by specified time periods. The
output shall consist of the number of pertinent cases identtfied and the
mean, standard deviation, and range for each included variable. This
basic data retrieval program shall also be interfaced to one of the
standard packages of ctatistical programs such as the Statistical Package
For The Sc:ial Sciences (SPSS) or the BMD Biomedical Computer Programs,
to permit extensive analysis of student data. This data retrieval/
analysis capability shall be a batch mode function. An on-line program

shall be provided, however, for submitting requests for off-shift pro-
cessing,
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4.0 HARDWARE REQUIREMENTS

A computer hardware system shall be provided to support the instruc-
tional, administrative, and management functions required by Section 3.0
of this specification. The system shall consist of commercially avail-
able equipment with the capability for handling the types and nurbers
of jobs specified in Section 3.0. The hardware components provided for
this system shall meet the general intent of Military Specification
MIL-H-46855, Military Standard MIL-STD-785A, And of the other documents
listed in Section 2.0.

The computer system shall provide a capability for modular buildup
to the terminal configuration necessary to meet the functional require-
ments and assumptions in Section 3.0 of this specification. The system
shall operate on-line for two eight-hour shifts, five days per week.
Batch operations will be carried cut during the remaining hours or
during weekends.

4.1 MAINFRAME ARL PERIPHERALS

The central cemputer system (i.e., mainframe and peripherals in-
cluding any communications network pracessing unit) shall be clustered
and housed in a room as centrall, located among classroom buildings as
15 practical, This room shall be a central point for printing Cil
records and administrative reports and for performing software main-
tenance.

The central system shall represent the minimum confiquration con-
sistent with meeting the requirements of this specification. High spead
communication between two o1 more processors of the sare make and model
shall be possible, to allow for future expansions that might require
multiple central processors. Consideration shall be given to selecting
a computer that does rot require such special environmental conditions
as chilled water and humdification., Sufficient air concitioning and «
raised floor shall be installed with tne system.

4.1.1 Central Processor

The processor shall be capeble of simultanecusly supporting
at least the number of student, nanagement, and administrative terminals
or other devices needed to meet the functional requirements of Section
3.0 above. To support routine software operations, simple on-line source
progran editing operations such as line insertions, deletions, and
replacements shall be acccmplished in an average response time of not
more than one{ 1) second, and wore complex on-line operations such as
file 1/0 shall be accomplished in an averajge response time of not more
than three (3) seconds.

An instruction set surporting at least integer and floating point
arithmetic, string, character addressing, branching, logical, loopiny,
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and assignmgnt operations shal) be provided. Instructions ur graups
of instructions shall also be availab' to iwplement array subscripting
and record addressing,

At least the following peripheral devices shall bz attachable to
the central processor: high speed mass storage devices, off-line storage
devices (e.g., tape drives?. line printers, and an operator console. It
shall be possible to add central umemory expansion units to the processor
without dugrading the services offerec by the operational system.

A capability for validating data fcllowing transfers shall exist,
to insure that transfers are successfully and correctly accomplished,

The processor shall be capable of supporting batch processing, out
not necessarily waile supporting on-line CAl and CHI operation,

4.1.2 Central Memory

Sufficient central memory shall be provided to support the
terminals and producc the response times dictated by the functional
requirements of Section 3.0 above and by Section 4.1.1. Any type cf
central memory (e.g., core, MOS, bipolar) snhall be acceptable, provided
the required response times and validation requiremenis are satisfied.

A e g,

4.1.3 Mass Storage

Mass storage shall be provided to support the instructional
programs and data required by Section 3.0, and the system programs and
data. There shall be at least two mass storage devices, to provide backup
in the event one device malfunctions. The mass storage transfer rate
plus overhead shall be sufficient to accomplish the required response
times.

i ey U g TS B

Channels attached to the mass storaye devices shall be capable of
accorplishing input/output (1/0) transfers at sufficient rates to fulfill
the response time requirements of Sections 3.0 and 4.1.1.

4.1.4 O0ff-line Storage

Off-line storage shall be provided to support the functional
requirements of Section 3.0. For backup and reliability purposes, this
storage shall be accessible via at least two off-line storage devices.

The off-line units shall be accessible for backing up informetion
from on-line storage devices and for recovering informaticn which has been
temporarily stored off-line to lessen the on-line mass storage require-
ments. Off-line storage shall be sufficientiy accessible to fulfill the
requirements for recovering archived CAI lessons (Section 3.5.2 above).
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4.1.5 Central Site Printing

Capability shall be provided for printing such information
as classroom rosters, course evaluation summaries, test item evaluation
summaries, selected student information, CAI reports, on-line and off-
line course materials, software programs, and computer maintenance
information. One or more central site line printers capable of printing
the 128-character ASCII set shall be provided. With an even distribu-
tion of all characters, a minimum rate of 500 lines/minute (128
characters per line) is required.

4,1.6 Computer Monitoring

A method and equipment shall be provided to furnish couputer
status and peripheral device information, initiate diagnostics, and
generally monitor and control the operation of the entire system.

4.2 COMMUNICATIUON SYSTEM

Communication hardware and software sufficient to allow remote or
local operation of the terminal system specified in Section 4.3 below
shall be provided. Standard protocols, electrical interfaces, and data
rates shall be used throughout. This communication system shall be
capable of supporting the mix of terminal capabilities specified in
Section 4.3 and the response requirements of Section 3.0 of this
specification. The communication system shall be modularly expandable
beyond the minimum number of terminals required in this specification
even though the software and hardware system is initially confiyured
for that number of terminals.

4.2.17 Computer/Network Interface

The network processing hardware at the computer site shall
be able to transmit data to and receive data from the total number of
terminals required by this specification, and the electrcnics shall be
modularly expandable to handle additional terminals.

The computer electronic ports for system terminals shall meet
indusiry-wide standard interfacing requirements. The network processing
eguipment shall have the capability of detecting and correcting trans-
fer errors on characters and control codes received from the terminals,

For transmitting data between the computer and terminals at
locations remote from the central site, the most cost effective method
shall be provided.

4.2.2 Network

The network shall consist of dedicated voice yrade lines,
configured to provide the data rates needed to satisfy the functional
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requirements of this specification,

4.2 TERMINAL SYSTEM

The terminal system shall be composed of a mix of types of
terminals and other devices that includes:

(1) alphanumeric, qraphics, and color display types of terminals
for students and administrative use; and

(2) management 1/0 devices to provide the required CMl functional
capabilitios,

This compatible set of devices shall be located in ur near class-

rooms, and shall be capable of remocte operation with the central
corputer.

4.3.1 General Characteristics

A1l display terminals selected shall have the electronic,

play, and kcyboard characteristics as listed in Sections 4.3.1.1,
L)
1

1
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4.3.1.1 Electronic Characteristics. Each termina) shall be

capable of sendiry and recciving data at selectable industry-standard
rates. Transmission shall be via an industry-standard interface.
Terminals or associatad communications equipment shall have at least

the capability of detecting validation errors on single inconing alpha-

numeric and control characters, with all control codes and character
codes conforming to industry standards. Aoy teruinal shall be

electronically interchangeable with any other at any comwwunications
port.

4.3.1.2 Display Characteristics. Each display terminal
shall provide at least 24 lines of display, with o4 characters or more
per line, on a screen of at least 12 inches diagonal measurement. The
96 character ASCIT set, consisting of upper and lower case alphabet,
numbers, and punctuation shall be available. The cursor shall be

controllable so that it can be located to any position on the screen,
Bulk erase capability shall be provided.

4,3.1.3 LKeyboars Characteristics. The keyhoard on each
display terminal shall be in the standard QWERTY format for alphabetic

[ 3V hugy G

characters, with numbérs aud punctuation keys also available. A1l keys
must be plainly and perminently marked to identif. characters and/or
functions controlled,

, and 4.3.1.3 below. Management devices shall conform to Section
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4.3.2 Student and Administrative Terminals

A mix of alphanumeric-only, alphanumeric/graphics, and
alphanumeric/graphics/color terminals shall be provided for student and
administrative use. The numbers of terminals of the various types shall
be sufficient to provide the functional capabilities described in Section
3.0, and shall meet any additional requirements imposed by character-
istics of the Air Force-designated courses to be implemented on the
systen. An external jack for controlling a device such as a slide pro-
Jector shall be provided, 1f course characteristics indicate that such
a device is instructionally desirable. The resolution provided by
graphics terrminals shall be sufficient to accormodate the course
materidals to be implemented. Color terminals shall provide at least
eight different cclors, including black and white, with color available
for foreground letters and figures and for background. An option to
fili cojors within graphics polygon boundaries is desirable. In addition
to the kevboards provided for student and instructor interactiuvns, the
system shall also support a device such as a light pen or touch panel,
to facilitate interaction with graphics displays. To facilitate pre-
paration of graphics displays, the system shall support a digitizing
tablet ur equivalent device.

4,3.3 Management Uevices

Managemenrt device: in types and rumt.rs sufficient to satisfy
the CMI recuirenents described in Section 3.0 shall be provided. As
necessary v meet the instructional and administrative needs. these shall
include devices to read forms, to print student assigniments and class-
room aperations reports {such as rosters, atsence reports, and regis-
tration data), and such other devices as may be required and cost
effective for the designated installation site.

4.4 RELIABILITY

An effective reliability program shall be established and maintained,
within the general intent of MIL-STD-785A. This program shall include
failure reporting and design changes to correct pattern failures. The
program shall be adjusted to suit the types of procurement and equip-
ment, and shall be directed toward maximizing the mean time between
failures (MTBF) for individual equipment items. System reliability shaili
be sufficient to meet the availability requirements of Section 4.6.

4.5 MAINTAINABILITY

A maintainability program shall be established, within the general
intent of MIL-STD-470  This program shall incorporate a maintenance
concept intended to niinimize the mean time to restore (MTTR). System

MTTR shall be sufficient to meet the availability requirements of
Section 4.6.
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4.6 AVAILABILITY

System availability shall be defined as follows:
System Intrinsic Avgilability = MTBF / (MTBF + MTTR)

where MTBF is defined as the system mean time between failures (i.e.,
the MTBF resulting from combining the MTBFs of all the individual equip-
ment items), and MTTR is defined as the !nean time to restore the system
after a failure to any equipment in the system.

The System Intrinsic Availability for the low-cost CAI/CMI system
shall be at least 0.98.
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